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E X E C U T I V E S U M M A R Y
A study using young swine as test animals was performed to measure the gastrointestinal
ab sorpt ion of lead in two soils f rom the Vasquez Boulevard/I-70 site (VB-I70) located inDenver, Colorado. Young swine were selected for use in the s tudy primari ly because the
gastrointestinal physiology and overall size of young swine are similar to that of youngchildren, who are the p o p u l a t i o n of prime concern for exposure to soil lead.
The test materials were prepared by combining soil samples col lec ted f r om residentialproper t i e s within the s tudy area. The soil s ampl e s were se l ec ted to represent both anEastern and Wes t ern area. The lead concentration in these sample s was 723 part s per
million ( p p m ) for test material #1 (Eastern S a m p l e ) and 987 ppm for test material #2
(Western S a m p l e ) . Groups of 5 swine were given average oral doses of 103.7, 311.2 or
691.6 mg/kg-d of test material #1 or 76.0, 228.0, or 506.6 mg/kg-d of test material #2for 15 days. T h i s corresponded to target average doses of 75, 225, or 500 u g / k g / d a y of
lead. Other groups of animals were given a standard lead reference material (lead acetate)ora l ly at doses of 0, 25, 75, or 225 ug Pb/kg-day. The amount of lead absorbed by eachanimal was evaluated by measuring the amount of lead in the blood (measured on days 0, 1,
2, 3, 5, 7, 9, 12, and 1 5 ) , and the amount of lead in liver, kidney and bone (measured on
day 15 at s tudy termination). The amount of lead present in blood or tissues of animals
exposed to test soils was compared to that for animals exposed to lead acetate, and theresult s were expressed as relative b ioavai lab i l i ty (RBA). For example, a relative
b i oava i lab i l i ty of 50% means that 50% of the lead in soil was absorbed equal ly as well aslead from lead acetate, and 50% behaved as if it were not available for absorption. Thus , if
lead acetate were 40% absorbed, the test material would be 20% absorbed.
The RBA results for the two samples f rom the VB-I70 site are summarized below:

Measurement
Endpo in t
Blood Lead Area
Under Curve
Liver Lead
Kidney Lead
Bone Lead

Tes t Material #\Eastern S a m p l e

87%

98%
97%
69%

T e s t Mater ial #2West ern S a m p l e

85%

70%
78%
56%

Because the estimates of RBA based on blood, liver, kidney, and bone do not agree in allcases, judgment must be used in interpreting the data. In general, EPA recommends
greatest emphasis be placed on the RBA estimates derived from the blood lead data. T h i s
is because blood lead data are more robust and less su s c ep t i b l e to random errors than thetissue lead data, so there is greater conf idence in RBA estimates based on blood lead. In
addi t ion, absorption into the central compartment is an early indicator of lead exposure, is
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the most relevant index of central nervous system exposure, and is the standard
measurement endpoint in invest igations of th i s sort. However, data f r o m the tissuee n d p o i n t s (liver, kidney, bone) also provide valuable in format ion. EPA considers the
p l a u s i b l e range to extend from the RBA based on blood AUC to the mean of the other threetissues (liver, kidney, bone). The pr e f e r r ed range is the interval f rom the RBA based onblood to the mean of the blood RBA and the tissue mean RBA. Our suggested point
estimate is the mid-point of the pr e f e rr ed range. The s e values are presented below:

Relative
Bioavailabi l i tyof Lead

Plausib le Range
Preferred Range
Sugges t ed Point Estimate

Test Material #1Eastern S a m p l e

87-88%
87-88%

87%

Tes t Material #2Western S a m p l e

68-85%
76-85%

81%

T h e s e RBA estimates may be used to h e l p assess lead risk at this site by r e f i n i n g thee s t imate of absolute b ioavai lab i l i ty (ABA) of lead in so i l , as f o l l o w s :

A v a i l a b l e data indicate that fully s o lub l e f o r m s of lead are about 50% absorbed by a ch i ld .
T h u s , the estimated absolute b i o a v a i l a b i l i t y of lead in the site s ampl e s is as f o l l o w s :

A b s o l u t e
B i o a v a i l a b i l i t yof Lead

Plaus i b l e Range
Preferred Range
Sugge s t ed Point Est imate

T e s t Material #1
Eastern S a m p l e

43-44%
43-44%

43%

Test Material #2
Western S a m p l e

34-42%
38-42%

40%

T h e s e absolute b i oava i lab i l i ty es t imates are a p p r o p r i a t e f or s i t e - s p e c i f i c u s e in EPA's
IEUBK model , a l though it is clear that there is both natural var iab i l i ty and uncertaintyassociated with these estimates. T h i s variabil i ty and uncertainty arises f rom several sources,
inc luding: 1) the inherent variab i l i ty in the responses of d i f f e r e n t individual animals to lead
exposure, 2) uncertainty in the relative accuracy and a p p l i c a b i l i t y of the d i f f e r e n tmeasurement e n d p o i n t s , 3) the e x t rapo la t i on of measured RBA values in swine to youngch i ldren, and 4) the po t ent ia l e f f e c t of f o o d in the stomach on lead absorption. T h u s , thevalues reported above are j u d g e d to be reasonable es t imates of typ i ca l lead absorpt ion bych i ldr en at this site, but should be in t erpre t ed with the under s tanding that the values are not
certain.
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1.0 INTRODUCTION
Absolu t e and Relative Bioavailabil i ty
Bioavai lab i l i ty is a concept that relates to the absorption of chemicals and how absorptiondepends upon the physical-chemical propert ie s of the chemical and its medium (e.g., dust, soil,rock, f o o d , water, etc.) and the p h y s i o l o g y of the exposed receptor. Bioavai lab i l i ty is normally
described as the f ra c t i on (or percentage) of a chemical which enters into the blood f o l l o w i n g
an exposure of some sp e c i f i ed amount, duration and route (usually oral). In some cases,
b ioava i lab i l i ty may be measured using chemical levels in per iphera l tissues such as liver, kidney,
and bone, rather than blood. The frac t ion or percentage absorbed may be expressed either inabsolute terms (absolute b ioavai lab i l i ty , ABA) or in relative terms (relative b i oava i lab i l i ty ,
RBA). Absolu t e b ioavailabi l i ty is measured by comparing the amount of chemical entering theblood (or other tissue) f o l l o w i n g oral exposure to test material with the amount entering theblood (or other t i s sue) f o l l o w i n g intravenous exposure to an equal amount of some di s so lvedf orm of the chemical. Simi lar ly , relative bioavailability is measured by comparing oralabsorpt ion of test material to oral absorpt ion of some fully s o lub l e f o r m of the chemical (e.g.,
either the chemical di s solved in water, or a solid f o rm that is expected to fully dis solve in the
stomach). For example, if 100 ug of dissolved lead were administered in drinking water and
a total of 50 ug entered the b l o od , the ABA would be 0.50 (50%). Likewise, if 100 ug of leadin soil were administered and 30 ug entered the b lood, the ABA for soil would be 0.30 (30%).If the lead di s solved in water were used as the reference substance for describing the relative
amount of lead absorbed from soi l , the RBA would be 0.30/0.50 = 0.60 (60%). T h e s e values(50% absolute bioavailabili ty of dissolved lead and 30% absolute absorption of lead in soi l) are
the values currently employed as d e f a u l t s in EPA's IEUBK model.
It is important to recognize that s i m p l e s o l u b i l i t y of a test material in water or some other f l u i d
(e.g., a weak acid intended to mimic the gastric contents of a c h i l d ) may not be a re l iab l e
estimator of bioavailabil i ty due to the non-equilibrium nature of the dis solution and transportprocesses that occur in the gas tro inte s t inal tract (Mushak 1 9 9 1 ) . For e xample , fluid volume
and pH are l i k e ly to be changing as a f unc t i on of time, and transport of lead across the gut will
prevent an approach to equilibrium concentrations, e s p e c i a l l y for poor ly s o l u b l e lead
compounds. However, i n f o r m a t i o n on the s o l u b i l i t y of lead in d i f f e r e n t material s is u s e fu l inin t erpre t ing the importance of s o lub i l i ty as a determinant of bioavailabil i ty. To avoid confusion,
the term "bioaccessability" is used to re f er to the relative amount of lead that di s so lve s under
a s p e c i f i e d set of test conditions.
For a d d i t i o n a l discussion about the concept and a p p l i c a t i o n of b i oava i lab i l i ty see Goodman etal. (1990), Klaassen et al. ( 1 9 9 6 ) , and/or Giba ld i and Perrier (1982).



Using Bioavai lab i l i ty Data to Improve Exposure C a l c u l a t i o n s for Lead
When data are available on the b i oava i lab i l i ty of lead in soi l , dus t , or other so i l- l ike waste
material at a site, this in format ion can o f t e n be used to improve the accuracy of exposure and
risk calculat ions at that site. The basic equation for e s t imat ing the s i t e - s p e c i f i c ABA of a test
soil is as f o l l o w s :

ABA^, = ABA s o l u b l e-RBA s o i l

where:
= Abso lu t e b ioavai lab i l i ty of lead in soil ingested by a chi ldABA,.o l u b l e = A b s o l u t e b i oava i lab i l i ty in ch i ldr en of some dis solved or fully

so lub l e f orm of lead
= RBA for soil measured in swine

Based on available informat ion on lead absorpt ion in humans and animals, the EPA est imates
that the abso lute b i oava i lab i l i ty of lead from water and other fully so luble f o rms of lead is usually
about 50% in chi ldren. T h u s , when a re l iable s i t e - s p e c i f i c RBA value for soil is available, it maybe used to es t imate a s i t e - s p e c i f i c absolute b i oava i lab i l i ty as f o l l o w s :

ABA,,, = 50%-RBA^,
In the absence of s i t e - s p e c i f i c data, the absolute absorpt ion of lead f r om so i l , dust and other
s imilar media is est imated by EPA to be about 30%. T h u s , the d e f a u l t RBA used by EPA forlead in soil and dust compared to lead in water is 30%/50% = 60%. When the measured RBA
in soil or dust at a site is f ound to be less than 60% compared to some fully so lub l e f orm of
lead, it may be concluded that exposures to and risks f rom lead in these media at that site are
probab ly lower than typical d e f a u l t as sumptions. If the measured RBA is higher than 60%,ab sorp t i on of and risk f r o m lead in these media may be higher than usual ly assumed.



2.0 STUDY DESIGN
A standardized study protocol for measuring absolute and relative b i oava i lab i l i ty of lead was
deve loped based upon previous study designs and investigations that characterized the young
pig model (Weis et al. 1 9 9 5 ) . The s tudy was p e r f o r m e d as nearly as po s s i b l e within the sp ir i t
and gu ide l ine s of Good Laboratory Practices ( G L P : 40 CFR 792). S t a n d a r d Operat ing
Procedures ( S O P s ) that inc luded de ta i l ed methods for all a spec t s of the s tudy were p r e p a r e d ,
approved , and d i s t r i bu t ed to all s tudy members prior to the s tudy (USEPA 2000).
2.1 Tes t Materials
Soil sample s were co l l e c t ed f r o m various re s ident ia l p r o p e r t i e s within the VBI70 site which were
selected for s p e c i f i c concentrations of lead and arsenic (Washington Group , 2000; attached as
a p p e n d i x B). The two soils were prepared to represent both Eastern ( T e s t Material #1) and
Western (Tes t Material #2) neighborhoods within this site. Six individual soil s ampl e s were
combined to make the Eastern sample , and f ive individual soil s ampl e s were combined to make
the Western sample. Each sample was dried in a laboratory over at 105 C, bulk sieved with
a 2-mm screen and f i n e sieved with a 250-mm screen. F u r t h e r d e t a i l s regarding the s e l e c t ion
and preparat ion of test materials can be f ound in a separate technical memorandum
(Washing ton G r o u p , 2000).
T a b l e 2-1 summarizes the lead and arsenic content of the test soi l s measured using ICP method
S W 6 0 1 0 . As seen, average lead concentrations in the Eastern and Western T e s t Mater ia l s are
723 and 987 mg/kg, respectively.

TABLE 2 - 1 LEAD A N D A R S E N I C A N A L Y S I S O F T E S T M A T E R I A L S
S a m p l e

Eastern S a m p l e ( T M # 1 )

Western S a m p l e ( T M # 2 )

Replicate
#1
#2
#3

Average
#1
#2
#3

Average

Arsenic ( m g / k g )
19
19
20
19
26
25
24
25

Lead ( m g / k g )
700
710
760
723
970
1000
990
987



Each sample of test material was well mixed and analyzed by electron microprobe in order toi d e n t i f y a) how f r e q u e n t l y p a r t i c l e s of various lead minerals were observed, b) how f r e q u e n t l y
d i f f e r e n t type s of mineral par t i c l e s occur entirely inside par t i c l e s of rock or s lag ("included")
and how o f t e n they occur p a r t i a l l y or ent ire ly out s ide rock or s lag p a r t i c l e s (" l i b era t ed"), c)the size d i s t r i b u t i o n of p a r t i c l e s of each mineral class, and d) a p p r o x i m a t e l y how much of thetotal amount of lead in the sample occurs in each mineral type. T h i s is referred to as "relativelead mass". The result s are summarized in F i g u r e s 2-1 to 2-3.
As seen in Figure 2-1 ( t o p p a n e l ) , the most common lead-bearing part i c l e type (i.e., those
which are observed most o f t e n ) for the Eastern S a m p l e (Tes t Material #1) was Iron Oxide,
accounting for about 34% of all l ead-bearing par t i c l e s . However, as shown in Figure 2-2
( u p p e r p a n e l ) ) , because the concentration of lead in iron oxide is relatively low, this phaseaccounted for only about 7.3% of the lead mass in this sample. The remainder of the lead in
the eastern sample occurred mainly in par t i c l e s of p h o s p h a t e (41.4%), angle s i t e (15.6%) and
paint (12%). Also shown in Figure 2-1 (bottom pane l) are the results for the Western
S a m p l e ( T e s t Material #2). As seen, the most common lead-bearing par t i c l e type s were
slag, p h o s p h a t e , organics and iron oxide, accounting for about 18.3%, 17.5%, 18.8% and
16.7% of all lead-bearing p a r t i c l e s , respectively. The major i ty of lead mass (Figure 2-2,
bo t t om p a n e l ) in thi s s ampl e was f ound in the p h o s p h a t e (52.7%) and cerussite (18.3%)phases.
Figure 2-3 shows the d i s t r i b u t i o n of the size of lead-bearing p a r t i c l e s in the sample . As seen,
there was a f a i r l y broad d i s t r i b u t i o n of lead-bearing par t i c l e sizes in both test material s , mainly
ranging f r om 50-200 um. As noted above, small p a r t i c l e s are o f t e n assumed to be more l ike lyto adhere to the hand and be ingested and/or transpor t ed into the house. F u r t h e r , small
p a r t i c l e s have larger surface area-to-volume ratios than larger p a r t i c l e s , and so may tend todis solve more r a p i d l y in the acidic contents of the stomach than larger part i c l e s . T h u s , small
p a r t i c l e (e.g., less than 50-100 um) are thought to be of greater po t en t ia l concern to humans
than larger p a r t i c l e s (e.g., 100 -250 um or larger).
Another p r o p e r t y of lead p a r t i c l e s that may be important in determining bioacce s sabi l i ty
and/or b i o a v a i l a b i l i t y is the degree to which they are p a r t i a l l y or en t i r e ly f r e e f rom surrounding
matrix ("liberated"). Based on the measured frequency of each type of par t i c l e existing in al iberated s tate, it can be calculated that of the to tal relative lead present in the sample s , about
97.2% exists in l iberated par t i c l e s in the Eastern S a m p l e (TM1) and 95.5% exists in l i b era t ed
par t i c l e s in the Wes t ern S a m p l e (TM2). These high percentages of p a r t i a l l y or entirell i b era t ed grains may tend to increase the b i o a v a i l a b i l i t y of lead in the sample s .



F I G U R E 2-1 F R E Q U E N C Y OF LEAD P A R T I C L E S

Eastern ( 3 1 5 6 2 1 F )

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Western ( 3 1 5 6 2 8 F )

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Report Figure s . x l s : Particle Freq
2/23/2001



F I G U R E 2-2 LEAD MASS

Eastern ( 3 1 5 6 2 1 F )

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Western ( 3 1 5 6 2 8 F )

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Report Figure s . x l s : Lead Mass
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F I G U R E 2 - 3 P A R T I C L E S I Z E D I S T R I B U T I O N

Eastern ( 3 1 5 6 2 1 F )
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Western ( 3 1 5 6 2 8 F )
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Report F i g u r e s . x l s : Particle Siz e
2/23/2001



2.2 Experimental Animals
Young swine were selected for use in these s tudi e s because they are considered to be a good
phys i o l og i ca l model for ga s t ro in t e s t ina l ab sorpt ion in ch i ldr en (Weis and L a V e l l e 1 9 9 1 ) . The
animals were intact males of the Pig Improvement Corporat ion (PIC) g e n e t i c a l l y d e f i n e d Line
26, and were purchased f r o m Chinn Farms, Clarence, MO. The animals were held under
quarantine to observe their h ea l th for one week be fore beginning exposure to test materials .
To minimize weight variations between animals and groups, the number of animals purchased
f r om the s u p p l i e r was six more than needed for the s tudy, and the sk animals most d i f f e r e n t inbody weight on day -4 (ei ther heavier or l i g h t e r ) were excluded f r o m f u r t h e r study. Theremaining animals were assigned to dose groups at random. When exposure began (day
zero), the animals were about 5-6 weeks old ( j u v e n i l e s , weaned at 3 weeks) and weighed an
average of about 9.7 kg. Animal s were weighed every three days during the course of the
study. The group mean body weights over the course of the s tudy are shown in F i g u r e 2-4.
On average, animals gained about 0.5 kg/day , and the rate of weight gain was comparable in
all groups.
All animals were housed in ind iv idual l e a d - f r e e s ta in l e s s steel cages. Each animal wasexamined by a c e r t i f i e d veterinary c l inic ian (swine s p e c i a l i s t ) prior to being p la c ed on s tudy ,
and all animals were examined daily by an at tending veterinarian while on study. Blood
sample s were c o l l e c t e d for hernatological analysis on days -4, 7, and 15 to assist in c l inica l
health assessments. In this study, there was one animal that was removed f rom the s tudy due
to concerns over poor health.
2.3 Diet
Animals provided by the s u p p l i e r were weaned onto standard pig chow purchased from MFA
I n c . , Co lumbia , MO. In order to minimize lead exposure f r o m the d i e t , the animals were
gradua l ly trans i t ioned f r o m the MFA f e e d to a special low-lead f e e d (guaranteed less than 0.2ppm l e a d , purchased from Z e i g l e r Brothers, Inc., Gardners , PA) over the time interval f r om
day -7 to day -3, and thi s f e e d was then maintained for the duration of the s tudy. The f e e d
was n u t r i t i o n a l l y c ompl e t e and met all requirements of the N a t i o n a l I n s t i t u t e s of H e a l t h -
N a t i o n a l Research Counci l . The typi ca l nutr i t ional components and chemical analysis of the
f e ed is presented in T a b l e 2-2. T y p i c a l l y , the f e ed contained approx imat e ly 5.7% moisture,
1.7% f i b e r , and provided about 3.4 kcal of me tabo l i zab l e energy per gram. A n a l y s i s of two
f e e d sample s during thi s experiment ind i ca t ed the mean lead level was 0.15 p p m .
Each day every animal was given an amount of f e e d equal to 5% of the mean body weight of
all animals on study. Feed was administered in two equal port ions of 2.5% of the mean bodyweight at each f e e d i n g . F e e d was provided at 11:00 AM and 5:00 PM dai ly. Drinking water
was provided ad l ib i tum via se l f-act ivated watering nozzles within each cage. Analysis ofs ampl e s f r o m randomly se lec ted drinking water nozzles indicated the mean lead concentration
(trea t ing non-detect s at one-half the quant i ta t i on l i m i t ) was less than 1 u g / L .
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T A B L E 2 - 2 T Y P I C A L FEED C O M P O S I T I O N 3

N u t r i e n t Name
Protein
Arginine
Lysine
Methionine
Met+Cys
T r y p t o p h a n
H i s t i d i n e
Leucine
Isoleuc ine
Phenyla lan ine
P h e + T y r
Threonine
V a l i n e
F a t
Saturated Fat
Unsaturated Fat
L i n o l e i c 18:2:6
Linole i c 1 8:3:3
Crude F i b e r
A s h
Calc ium
Phos Total
A v a i l a b l e Phosphorous
S o d i u m
Potassium

Amount
20.1021%
1 .2070%
1.4690%
0.8370%
0.5876%
0.2770%
0.5580%
1.8160%
1.1310%
1.1050%
2.0500%
0.8200%

^1.1910%
4.4440%
0.5590%
3.7410%
1 .9350%
0.0430%
3.8035%
4.3347%
0.8675%
0.7736%
0.7005%
0.2448%
0.3733%

N u t r i e n t N a m e
Chlor ine
Magnesium
S u l f u r
Manganese
Zinc
Iron
C o p p e r
Cobalt
I o d i n e
S e l e n i u m
N i t r o g e n Free Extract
Vitamin A
V i t a m i n D3
V i t a m i n E
Vitamin K
T h i a m i n e
R i b o f l a v i n
Niacin
Pantothenic Acid
Cho l in e
Pyridoxine
F o l a c i n
Biotin
V i t a m i n Bl 2

Amount
0.1911%
0.0533%
0.0339%
20.471 9 ppm
1 1 8.0608 ppm
135.37 10 ppm
8. 1062 ppm
0.01 10 ppm
0.2075 ppm
0.3 196 ppm
60.2340%
5 . 1 8 9 2 k I U / k g
0.6486 k l U / k g
87.2080 l U A g
0.9089 ppm
9.1681 p p m
10.2290 ppm
30. 11 47 ppm
19. 1250 ppm
101 9.8600 ppm
8.2302 ppm
2.0476 ppm
0.2038 ppm
23.44 16 ppm

N u t r i t i o n a l values provided by Ze ig l e r Bros., Inc.
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2.4 Dosing
The protocol for exposing animals to lead is shown in T a b l e 2-3. The dose levels for lead
acetate were based on experience f r om previous swine investigations that showed that dosesof 25-225 ug P b / k g / d a y gave clear and measurable increases in lead levels in all e n d p o i n t s
measured (b lood , liver, kidney, bone). The doses of test material s were set at the same levelas lead acetate, with one higher dose (500 ug Pb/kg-day) included in case the test material swere found to yield very low responses.
Animals were exposed to lead acetate or test material for 15 days, with the dose for each day
being adminis t ered in two equal por t ions given at 9:00 AM and 3:00 PM (two hours be fore
f e e d i n g ) . Doses were based on measured group mean body weights, and were a d j u s t e d everythree days to account for animal growth. For animals exposed by the oral route, dose materialwas p laced in the center of a small por t ion (about 5 grams) of moistened f e e d , and thi s was
administered to the animals by hand. In th i s s tudy, all doses were consumed by the animals
without delay or s p i l l a g e . However, on day 3, one animal in Group 8 was inadvertent ly given
a dose for Group 9 in a d d i t i o n to i t ' s own dose during the morning dosing. T h i s dos ingdiscrepancy was accounted for in f u r t h e r calculations.
Actual mean doses, calculated f rom the administered doses and the measured body weights,are also shown in T a b l e 2-3.

2.5 Col l e c t i on of Biological S a m p l e s
S a m p l e s of blood were c o l l e c t e d f r om each animal on the f i r s t day of exposure (day 0), and ondays 1 , 2 , 3, 5, 7, 9, 12, and 15 f o l l o w i n g the start of exposure. All blood sample s werecol l e c t ed by vena-puncture of the anterior vena cava, and sampl e s were i m m e d i a t e l y p lac ed inp u r p l e - t o p Vacutainer® tubes containing EDTA as anticoagulant. A l t h o u g h EDTA is a
chelator of meta l s , its presence in the s a m p l i n g tubes will not impact the analytical result s for
l ead. T h i s is because the nitric acid diges t used in the analysis destroys the organic
constituents in the blood, thereby free ing all lead for analysis. Blood samples were collected
each s a m p l i n g day beginning at 8:00 AM, a p p r o x i m a t e l y one hour be fore the f i r s t of the two
d a i l y exposures to lead on the sampl ing day and 17 hours a f t e r the last lead exposure theprevious day. Thi s blood collection time was selected because the rate of change in bloodlead re su l t ing f rom the preceding exposures is expec t ed to be r e la t ive ly small a f t e r thi s interval(LaVelle et al. 1 9 9 1 , Weis et al. 1 9 9 3 ) , so the exact t iming of sample c o l l e c t i o n relative to
last dosing is not l i k e l y to be critical.
F o l l o w i n g c o l l e c t i on of the f i n a l blood sample at 8:00 AM on day 15, all animals were
humanely euthanized and sample s of liver, kidney and bone (the right f e m u r ) were removed
and stored in l ead- f r e e p l a s t i c bags for lead analysis. S a m p l e s of all biological s ampl e sco l l e c t ed were archived in order to al low for reanalysis and ver i f i ca t ion of lead levels, if
needed. All animals were also sub j e c t ed to d e ta i l ed examination at necropsy by a c e r t i f i e d
veterinary p a t h o l o g i s t in order to assess overall animal heal th.
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TABLE 2-3 DOSING PROTOCOL

Group

1
2
3
4

5

6

7

8

9

10

Number
of

A n i m a l s
5
5
5
5

5

5

5

5

5

3 b

Dose
Materia lAdmini s t e r ed

Lead Acetate
Lead Aceta t e
Lead Acetat e

Eastern S a m p l e
( T M # 1 )

Eastern S a m p l e
( T M # 1 )

Eastern S a m p l e
( T M # 1 )

Western S a m p l e
( T M # 2 )

Western S a m p l e
( T M # 2 )

Western S a m p l e
( T M # 2 )
Control

ExposureRoute
Oral
Oral
Oral
Oral

Oral

Oral

Oral

Oral

Oral

Oral

Lead Dose (ug P b / k g - d )
Target

25
75

225
75

225

500

75

225

500

0

Actual 3

26.0
78.0

233.1
77.2

232.0

513.1

77.1

236.3

5 1 1 . 5

0
Doses were adminis t ered in two equal por t ions given at 9:00 AM and 3:00 PM each
day. Doses were based on the mean weight of the animals in each group, and were
a d j u s t e d every three days to account for weight gain.
C a l c u l a t e d as the admini s t ered d a i l y dose d iv id ed by the measured or e x t r a p o l a t e d
dai ly body weight, averaged over days 0-14 for each animal and each group.
Three control animals were used in thi s s tudy due to contraints on f a c i l i t y size. Based
on previous inve s t iga t i on s , thi s a p p r o a c h resulted in r e l i ab l e re sul t s .
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2.6 Preparation of Biological S a m p l e s for Analysi s
Blood
One mL of whole blood was removed from the purp l e - t op Vacutainer and added to 9.0 mL of
"matrix mod i f i e r " , a so lu t ion recommended by the Centers for Disease Control and Prevention
( C D C P ) for analysis of blood sampl e s for lead. The compos i t i on of matrix m o d i f i e r is 0.2%
(v/v) ultrapure nitric acid, 0.5% (v/v) Tri ton X-100, and 0.2% (w/v) dibasic ammonium
p h o s p h a t e in deionized and u l t r a f i l t e r e d water. S a m p l e s of the matrix m o d i f i e r were rou t ine lyanalyzed for lead to ensure the absence of lead contamination.
Liver and K i d n e y
One gram of s o f t tissue (liver or kidney) was p laced in a l e a d - f r e e screw-cap t e f l o n containerwith 2 mL of concentrated (70%) nitric acid and heated in an oven to 90°C overnight. After
cooling, the d ige s ta t e was transferred to a clean l ead-free 10 mL volumetric f l a s k andd i l u t e d to volume with deionized and u l t r a f i l t e r e d water.
Bone
The right f emur of each animal was removed and d e f l e s h e d , and dried at 100°C overnight.
The dried bones were then placed in a muffle furnace and dry-ashed at 450°C for 48 hours.F o l l o w i n g dry ashing, the bone was ground to a f i n e powder using a l ead- f r e e mortar and
p e s t l e , and 200 mg was removed and dis solved in 10.0 mL of 1:1 (v:v) concentrated nitricacid/water. After the powdered bone was dissolved and mixed, 1.0 mL of the acid so lut ionwas removed and d i l u t e d to 10.0 mL by a d d i t i o n of 0.1 % (w/v) lanthanum oxide (La 20 3) indeionized and u l t r a f i l t e r e d water.
2.7 Lead Analys i s
S a m p l e s of biological tissue (b l ood , liver, kidney, bone) and other materials ( f o o d , water,
reagents and so lu t ions , etc.) were arranged in a random sequence and provided to the
analyt i ca l laboratory in a bl ind f a s h i o n ( i d e n t i f i e d to the laboratory only by a chain of custody
tag number). Each sampl e was analyzed for lead using a Perkin Elmer Model 5100
graph i t e furnace atomic absorption spec trophotometer . Internal qual i ty assurance samples
were run every t enth sample , and the instrument was recalibrated every 1 5 t h sample . Ablank, d u p l i c a t e and spiked s ampl e were run every 20th sample .
All re sul t s f r om the analytical laboratory were reported in units of ug Pb/L of preparedsample . The quanti tat ion l imit was d e f i n e d as three-times the standard deviation of a set ofseven r e p l i c a t e s of a low-lead sample ( t y p i c a l l y about 2-5 ug/L). The standard deviation
was u sual ly about 0.3 u g / L , so the quanti tat ion l imi t was u sua l ly about 0.9-1.0 ug/L ( p p b ) .
For prepared blood sampl e s ( d i l u t e d 1 / 1 0 ) , th i s corresponds to a quanti tat ion l imit of 10ug/L (1 u g / d L ) . For s o f t tissues (liver and kidney, d i l u t e d 1 / 1 0 ) , thi s corresponds to a
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quant i ta t i on l imit of 10 u g / k g ( p p b ) wet weight, and for bone (final d i l u t i o n = 1 / 5 0 0 ) the
corresponding quantitation l imit is 0.5 u g / g ( p p m ) ashed weight.
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3.0 DATA ANALYSIS
3.1 Overview
Studi e s on the absorption of lead are o f t e n complicated because some biological responses
to lead exposure may be non-linear f u n c t i o n s of dose (i.e., t end ing to f l a t t e n out or p la t eau
as dose increases). The cause of this non-linearity is uncertain but might be due either tonon-linear absorption kinetics and/or to non-linear biological response per unit doseabsorbed. When the dose-response curve for e i ther the reference material (lead acetate)and/or the test material is non-linear, RBA is equal to the ratio of doses that produce equal
responses (not the ratio of responses at equal doses). T h i s is based on the s i m p l e butb i o l og i ca l ly p lau s i b l e as sumption that equal absorbed doses yield equal b io logical responses.A p p l y i n g th i s as sumption l ead s to the f o l l o w i n g general methods for ca l cu la t ing RBA from a
set of non-linear experimental data:

1 . Plot the biological responses of individual animals exposed to a series of oraldoses of s o lub l e lead (e.g., lead acetate). Fit an equation which gives a
smooth line through the observed data po int s .

2. Plot the biological responses of individual animals exposed to a series ofdoses of test material. Fit an equation which gives a smooth line through the
observed data.

3. Using the best fit equations for reference material and test material, ca l cu la t eRBA as the ratios of doses of test material and reference material which yie ld
equal b io logi ca l responses. D e p e n d i n g on the relative shape of the b e s t - f i t
lines through the lead acetate and test material dose response curves, RBAmay either be constant ( d o s e - i n d e p e n d e n t ) or variable ( d o s e - d e p e n d e n t ) .

The pr inc ipal advantage of thi s approach is that it is not necessary to understand the basis
for a non-linear dose response curve (non-linear absorpt ion and/or non-linear bio logical
response) in order to derive valid RBA estimates. A l s o , it is important to realize that thismethod is very general, as it will yield correct re sul t s even if one or both of the dose-
response curves are linear. In the case where both curves are linear, RBA is dose-independen t and is s i m p l y equal to the ratio of the s l o p e s of the be s t- f i t l inear equations.
3.2 F i t t i n g the Curves
There are a number of d i f f e r e n t mathematical equations which can yie ld reasonable f i t s withthe dose-response data sets obtained in thi s study. C o n c e p t u a l l y , any equation which givesa smooth fit would be ac c ep tab l e , since the main purpose is to a l low for i n t e r p o l a t i o n of
responses between test doses. In s e l ec t ing which equations to employ , the f o l l o w i n gp r i n c i p l e s were a p p l i e d : 1) mathemat i ca l ly s i m p l e equations were pre f err ed over
m a t h e m a t i c a l l y complex equations, 2) the shape of the curves had to be smooth and
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b i o l o g i c a l l y r ea l i s t i c , without i n f l e c t i o n po in t s , maxima or minima, and 3) the general f o r m ofthe equations had to be able to fit data not only f r o m this one s tudy, but f r om all the s tudie s
that are part of this p r o j e c t . After t e s t ing a wide variety of d i f f e r e n t equations, it was f o u n d
that all data sets could be well f i t t e d using one of the f o l l o w i n g three forms:

Linear (LIN): Response = a + b-Dose
Exponent ia l (EXP): Response = a + c - ( l - e x p ( - d - D o s e ) )
Combination (LIN+EXP): Response = a + b-Dose + c - ( l - e x p ( - d - D o s e ) )

A l t h o u g h under ly ing mechanism was not considered in s e l e c t ing these equations, the linear
equation allows f i t t i n g data that do not show evidence of saturation in either uptake or
response, while the exponential and mixed equations allow evaluation of data that appear to
r e f l e c t some degree of sa turat ion in up take and/or response.
Each dose-response data set was fit to each of the equations above. If one equation yieldeda fit that was c l ear ly superior (as j u d g e d by the value of the a d j u s t e d corre lat ion c o e f f i c i e n t
R 2) to the others, that equation was s e l e c t ed . If two or more mode l s fit the dataa p p r o x i m a t e l y equally we l l , then the s imple s t model (that with the fewest parameters) was
s e l e c t ed . In the process of f i n d i n g the b e s t - f i t s of these equations to the data, the values of
the parameters (a, b, c, and d) were s u b j e c t e d to some cons traint s , and some data p o i n t s
(those that were outside the 95% predi c t ion l imi t s of the fit) were excluded. These
cons traint s and ou t l i e r exclusion s t eps are d e t a i l e d in A p p e n d i x A ( S e c t i o n 3). In general,
most blood lead AUC dose-response curves were best fit by the exponential equation, and
most dose-response curves for liver, kidney and bone were best fit by linear equations. In
evaluating sp l e en results, it was determined that data were best fit by the exponential
equation.
3.3 Responses Below Quantitation Limit
In some cases, most or all of the responses in a group of animals were below the
quantitation l imi t for the endpoint being measured. For example, this was normally the case
for blood lead values in unexposed animals (bo th on day -4 and day 0), and in controlanimals. In these cases, s a m p l e s were assigned a response equal to one-half the
quant i ta t i on l imi t .

3.4 Quality Assurance
A number of s t ep s were taken throughout thi s s tudy and the other s tud i e s in thi s p r o j e c t to
ensure the q u a l i t y of the results. T h e s e s t e p s are summarized below.
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Dupl i ca t e s
A randomly se lec ted set of about 5% of all samples generated during the s tudy weresubmitted to the laboratory in a bl ind f a s h i o n for d u p l i c a t e analysis. The raw data are
presented in A p p e n d i x A, and Figure 3-1 p l o t s the re sul t s for blood (Panel A, u p p e r ) and for
bone, liver, and kidney (Panel B, lower).
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As seen, there was good intra-laboratory r e p r o d u c i b i l i t y between d u p l i c a t e s ampl e s for both
blood and tissues, with linear regression lines having a s l ope near 1.0, an intercept near zero,and an R2 value near 1.0. One blood sample (not represented in the graph) was determined
to be an outl ier (original value 6.5; d u p l i c a t e value 28.7).
S t a n d a r d s
The Centers for Disease Control and Prevention ( C D C P ) provides a variety of blood lead
"check samples" for use in qua l i ty assurance programs for blood lead s tudie s . Each time a
group of blood sampl e s was prepared and sent to the laboratory for analysis , several CDCP
check sample s of d i f f e r e n t concentrations were inc luded in random order and in a bl ind
fa sh ion.
The result s for the sample s submitted during this s tudy are presented in A p p e n d i x A, and
the values are p l o t t e d in Figure 3-2. For the "low" standard (nominal =1.7 u g / d L ) , the
average measured value was 2.0 u g / d L . For the "medium" and "high" s tandards , the means
of the measured values were 3.7 u g / d L (nominal = 4.8 u g / d L ) and 13.6 u g / d L (nominal= 14.9 u g / d L ) .
Data A u d i t s and Spread she e t V a l i d a t i o n
All analytical data generated by EPA's analytical laboratory were va l ida t ed prior to beingreleased in the f o rm of a database file. Thes e electronic data f i l e s were "decoded" ( l i n k i n g
the s ampl e tag to the correct animal and day) using Microsoft's database systemA C C E S S ® . To ensure that no errors occurred in thi s process, original e l e c tronic f i l e s were
pr in t ed out and compared to p r i n t o u t s of the tag assignments and the decoded data.
All spreadshee t s used to manipu la t e the data and to p e r f o r m ca l cu la t i on s (see A p p e n d i x A)were v a l i d a t e d by hand-checking random c e l l s for accuracy.
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4.0 RESULTS
The f o l l o w i n g sections provide results based on the group means for each dose group
investigated in this study. A p p e n d i x A provides de tai led data for each individual animal.
Results f rom thi s s tudy wil l be compared and contrasted with the result s f r om other s tud i e s
in a subsequent report.
4.1 Blood Lead vs Time
Figure 4-1 shows the group mean blood lead values as a func t i on of time during the study.
As seen, blood lead values began at or below quantitation l imi t s (about 1 u g / d L ) in all
groups, and remained at or below quantitation limits in control animals (Group 10). In
animals given repeated oral doses of lead acetate (Groups 1-3), Eastern soil ( G r o u p s 4-6),
or Western soil (Groups 7-9), blood levels began to rise within 1-2 days, and tended to
p l a t e a u by the end of the s tudy (day 15).
4.2 Dose-Response Patterns
Blood Lead
The measurement endpo in t used to q u a n t i f y the blood lead response was the area under thecurve (AUC) for blood lead vs time (days 0-15). AUC was se lec ted because it is the
standard pharmacokinetic index of chemical uptake into the blood compartment , and isr e la t iv e ly insensitive to small variations in blood lead level by day. The AUC was calculatedusing the t rapezo ida l rule to estimate the AUC between each time point that a blood lead
value was measured (days 0, 1 , 2 , 3, 5, 7, 9, 12, and 1 5 ) , and summing the areas across
all time intervals in the study. The d e ta i l ed data and ca l cu la t i on s are presented in A p p e n d i xA, and the re sul t s are shown g r a p h i c a l l y in Figure 4-2. Each data point r e f l e c t s the groupmean exposure and group mean response, with the variabi l i ty in dose and response shown
by standard error bars. The f i gur e also shows the b e s t - f i t equation through each data set.
As seen, the dose response pat t ern is non-linear for both the s o lub l e reference material
(lead acetate, abbreviated "PbAc"), and for each of the two test soils. Dose response curves
for both soi l s are similar to those seen for lead acetate.
Tis su e Lead
The dose-response data for lead levels in bone, liver, and kidney (measured at sacr i f i c e on
day 15) are detai led in A p p e n d i x A, and are shown graphi ca l ly in Figures 4-3 through 4-5,respect ively. As seen, all of these dose response curves for tissues are fit by linear equations,both for lead acetate and each of the two test soils.
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4.3 Calculated RBA Values
Relative b i oava i lab i l i ty values were ca l cu la t ed for each test material for each measurement
endpo in t (blood AUC, bone, liver, k idney) using the method described in S e c t i o n 3.0. The
resul t s are shown below:

Measurement
E n d p o i n t
Blood Lead AUC
Liver Lead
K i d n e y Lead
Bone Lead

Estimated RBA
Eastern

Tes t Material #1
0.87
0.98
0.97
0.69

Western
T e s t Material #2

0.85
0.70
0.78
0.56

Recommended RBA Value s
For each test s o i l , the e s t imates of RBA based on b l o o d , liver, kidney, and bone are
general ly s imi lar , but do not agree exact ly in all cases. In general, we recommend greatest
emphas i s be p laced on the RBA estimates derived from the blood lead data. T h e r e areseveral reasons for this recommendation, i n c l u d i n g the f o l l o w i n g :

1) Blood lead ca l cu la t i on s are based on m u l t i p l e measurements over time, and so
are s t a t i s t i c a l l y more robust than the s ingle measurements available for tissue
concentrations. Further , blood is a homogeneous medium, and is easier to
sample than complex tissues such as liver, kidney and bone. Consequently,
the AUC endpo int is less s u s c ep t i b l e to random measurement errors, and
RBA values calculated from AUC data are less uncertain.

2. Blood is the central compartment and one of the f i r s t compartments to be
a f f e c t e d by absorbed lead. In contrast, uptake of lead into peripheral
compartments (liver, kidney, bone) depend on t r a n s f e r f r om blood to the
tissue, and may be subjec t to a variety of tox icokinet i c f a c t o r s that could makebioavai lab i l i ty determinations more complicated.

3. The dose-response curve for blood lead is non-linear, s imilar to the non-linear
dose-response curve observed in ch i ldren (e.g., see S h e r l o c k and Quinn
1986). T h u s , the response of th i s endpoint is known to behave s i m i l a r l y in
swine as in chi ldren, and it is not known if the same is true for the tissue
endpo in t s .
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4. Blood lead is the classical measurement endpoint for evaluating exposure andheal th e f f e c t s in humans, and the hea l th e f f e c t s of lead are believed to bep r o p o r t i o n a l to blood lead levels .
However, data f r o m the tissue e n d p o i n t s (liver, k idney, bone) also provide valuable
i n f o r m a t i o n . We consider the p l a u s i b l e range to extend from the RBA based on blood AUC
to the mean of the other three t i s sues ( l iv er , kidney, bone). The p r e f e r r e d range is the
interval from the RBA based on blood to the mean of the blood RBA and the tissue mean
RBA. Our suggested point e s t imate is the m i d - p o i n t of the p r e f e r r e d range. T h e s e values
are presented below:

Relat ive
B i o a v a i l a b i l i t yof Lead

P l a u s i b l e Range
Preferred Range
Sugge s t ed Point Estimate

T e s t Mater ia l
Eastern

T e s t Material #1
0.87-0.88
0.87-0.88

0.87

Western
T e s t Mater ia l #2

0.68-0.85
0.76-0.85

0.81

4.4 Estimated Abso lu t e Bioavai lab i l i ty in C h i l d r e n
T h e s e RBA e s t imate s may be used to h e l p assess lead risk at th i s s i te by r e f i n i n g the
estimate of absolute b ioavai lab i l i ty (ABA) of lead in soil, as f o l l ow s:

ABA,., = ABA^ l u b l e * RBA soil

A v a i l a b l e data indicate that fully so lub l e f orms of lead are about 50% absorbed by a child
(USEPA 1 9 9 1 , 1994). T h u s , the e s t imated ab so lu t e b i o a v a i l a b i l i t y o f lead in the s i te
s a m p l e s is c a l c u l a t e d as f o l l o w s :

ABAcitP = 50% * RBA,;' S i t e

Based on the RBA values shown above, the e s t imated ab so lu t e b i o a v a i l a b i l i t y in ch i ldr en is
as f o l l o w s :

A b s o l u t e
B i o a v a i l a b i l i t y

of Lead
P l a u s i b l e Range
Pre f err ed Range
Sugges t ed Point Estimate

T e s t Material
Eastern

Tes t Material #1
0.43-0.44
0.43-0.44

0.44

Western
Test Material #2

0.34-0.42
0.38-0.42

0.40
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4.5 Uncertainty
The bioavailability estimates above are subject to uncertainty that arises from several
d i f f e r e n t sources. Firs t , d i f f e r ence s in physiological and pharmacokinetic parameters
between individual animals leads to variability in response, even when exposure is the same.
Because of this inter-animal variability in the responses of d i f f e r e n t animals to leadexposure, there is mathematical uncertainty in the best fit dose-response curves for both
lead acetate and test material. Thi s in turn leads to uncertainty in the calculated values ofRBA, because these are derived from the two best-fit equations. Second, there isuncertainty in how to weight the RBA values based on the d i f f e r e n t endpoints , and how to
select a point estimate for RBA that is applicable to typical s i te-specific exposure levels.
Third , there is uncertainty in the quantitative extrapolation of measured RBA values in swine
to young children. Even though the immature swine is believed to be a useful and
meaningful animal model for gastrointestinal absorption in children, it is possible that
d i f f e r enc e s in stomach pH, stomach emptying time, and other physiological parameters mayexist and that RBA values in swine may not be precisely equal to values in children. F i n a l l y ,studies in humans reveal that lead absorption is not constant even within an individual, butvaries as a function of many factors (mineral intake, health status, etc.). One fac tor that may
be of special importance is time a f t e r the last meal, with the presence of f ood tending to
reduce lead absorption. The values of RBA measured in this study are intended to estimate
the maximum uptake that occurs when lead is ingested in the absence of f o o d . Thus, these
values may be somewhat conservative for chilcren who ingest lead along with f ood . Themagnitude of this bias is not known, although preliminary studies in swine suggest the fac tor
may be relatively minor.
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APPENDIX A
D E T A I L E D D A T A S U M M A R Y

1.0 OVERVIEW
Performance of this study involved collection and reduction of a large number of data items.
All of these data items and all of the data reduction s t e p s are contained in a M i c r o s o f t Excel
spreadsheet named "VB_LEAD.XLS". T h i s file is intended to allow de tai l ed review andevaluation of all aspect s of thi s study.
The f o l l o w i n g sections of thi s A p p e n d i x present pr in tou t s of selected table s and graphs f r o m
the XLS f i l e . These tables and graphs provide a more detailed documentation of the
individual animal data and the data reduction s t ep s p er f ormed in thi s s tudy than was
presented in the main text. Any addit ional de ta i l s of interest to a reader can be found in the
X L S spreadshee t .
2.0 RAW DATA AND DATA REDUCTION STEPS
2.1 Body Weigh t s and Dose Calcu la t i on s
Animal s were weighed on day -1 (one day be fore exposure) and every three days t h e r e a f t e r
during the course of the study. Doses of lead for the three days f o l l o w i n g each weighingwere based on the group mean body weight, a d j u s t e d by a d d i t i o n of 1 kg to account for the
expected weight gain over the interval. After c omp l e t i on of the experiment, body weightswere estimated by i n t e r p o l a t i o n for those days when measurements were not co l l e c t ed , andthe actual administered doses (ug PbAg) were calculated for each day and then averagedacross all days. If an animal missed a dose or was given an incorrect dose, the ca l cu la t ion of
average dose corrected for these factors . The s e data and data reduction s t eps are shown in
T a b l e s A-l and A-2. During this s tudy, one animal in Group 8, was inadver t en t ly
administered a Group 9 doughball in add i t i on to its assigned doughbal l during the morning
dosing on Day 3. T h i s misdosing was accounted for in the spreadshee t s for this
experiment.
2.2 Blood Lead vs Time
Blood lead values were measured in each animal on days 0, 1 , 2 , 3, 5, 7, 9, 12, and 15.
The raw laboratory data (reported as ug/L of di luted b lood) are shown in T a b l e A-3.T h e s e data were ad ju s t ed as f o l l o w s : a) non-detects were evaluated by assuming a value
equal to one-half the quantitation limit, and b) the concentrations in di lu ted blood wereconverted to units of u g / d L in whole blood by d i v i d i n g by a f a c t o r of 1 dL of blood per L of
diluted sample. The results are shown in the right-hand column of T a b l e A-3. Figures A-l
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to A-3 p l o t the result s for individual animals organized by group and by day. Figure A-4p l o t s the mean for each dosing group by day.
After adjus tment as above, values that were more than a fac tor of 1 .5 above or below thegroup mean for any given day were " f lagged" by computer as p o t e n t i a l out l i er s . T h e s e
values are shown in T a b l e A-4 by ce l l s that are shaded gray. Each data point id en t i f i ed inthi s way was reviewed and p r o f e s s i o n a l j u d g m e n t was used to decide if the value should be
retained or exc luded. In order to avoid i n a p p r o p r i a t e biases, blood lead out l i er des ignationswere restricted to values that were c learly aberrant f r o m a time-course and/or dose-
response perspec t ive . Value s which were exc luded are i d e n t i f i e d by a heavy black boxo u t l i n i n g the values. Rationale for out l i er exclusion is provided in T a b l e A-5.
2.3 Blood Lead AUC
The area under the blood lead vs time curve for each animal was calculated by f i n d i n g thearea under the curve for each time s t e p using the trapezo idal rule:

AUCCd, to dj) = 0 .5*(r l +r^*(d r d l )
where:

d = day number
r = response (blood lead value) on day i (r^ or day j (TJ)

The areas were then summed for each of the time intervals to yield the f ina l AUC for each
animal. The s e ca l cu la t i on s are shown in T a b l e A-6, If a blood lead value was missing
(either because of problems with sample preparation, or because the measured value wasex c luded as an ou t l i e r) , the blood lead value for that day was e s t imated by linear
in t erpo la t ion.
2.4 Liver, K i d n e y , and Bone Lead Data
At sacr i f i c e (day 1 5), samples of liver, kidney, and bone ( f e m u r ) were removed and
analyzed for lead. The raw data (expressed as ug Pb/L of prepared s a m p l e ) are
summarized in T a b l e A-7. The s e data were a d j u s t e d as f o l l o w s : a) non-detects were
evaluated by assuming a value equal to one-half the quantitation l imi t , and b) the
concentrations in prepared s a m p l e were converted to units of concentration in the original
biological sample by dividing by the f o l l o w i n g factors:

Liver: 0. 1 kg wet weight/L prepared sample
K i d n e y : 0. 1 kg wet we igh t /L prepared sample
Bone: 2 gm ashed weight/L prepared sample

The re sul t ing values are shown in the right-hand column of T a b l e A-7.
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3.0 CURVE FITTING
Basic Equations
A commercial curve-fi t t ing program ( T a b l e Curve-2D™ Version 2.0 for Windows, available
f r om J a n d e l S c i e n t i f i c ) was used to derive best fit equations for each of the indiv idual dose-response data sets derived above. A least squares regression method was used for both
linear and non-linear equations. As discussed in the text , three d i f f e r e n t user-def inedequations were fit to each data set:

Linear (LIN): Response = a + b-Dose
Exponent ia l ( E X P ) : Response = a + c - ( l - e x p ( - d - D o s e ) )
Combinat ion (LIN+EXP): Response = a + b-Dose + c - ( l - e x p ( - d - D o s e ) )

Cons tra in t s
In the process of f i n d i n g the b e s t - f i t s of these equations to the da ta , the values of theparameters (a, b, c, and d) were constrained as f o l l o w s :

• Parameter "a" (the in t er c ep t , equal to the baseline or control value of themeasurement e n d p o i n t ) was constrained to be non-negative and was forced in
all cases to be the same for the reference material (lead acetate) and the test
materials. T h i s is because, by d e f i n i t i o n , all dose-response curves for groups
of animals exposed to d i f f e r e n t materials must arise f r o m the same value at
zero dose. In a d d i t i o n , for blood lead data, "a" was constrained to be equal to
the mean of the control group ± 20% ( t y p i c a l l y 7.5 ± 1.5 AUC unit s).

• Parameter "b" (the s l op e of the linear dose-response l i n e ) was constrained to
non-negative values, since all of the measurement e n d p o i n t s evaluated areobserved to increase, not decrease, as a f u n c t i o n of lead exposure.

• Parameter "c" (the p la t eau value of the exponential curve) was constrained to
be non-negative, and was forced to be the same for the reference material(lead acetate) and the test material. T h i s is because: 1) it is expec t ed on
theoretical grounds that the plateau (saturation level) should be the sameregardless of the source of l ead, and 2) c u r v e - f i t t i n g of ind iv idua l curvestended to yield values of "c" that were close to each other and were nots t a t i s t i c a l l y d i f f e r e n t .

• Parameter "d" (which determines where the "bend11 in the exponentialequation occurs) was constrained to be greater than 0.0045 for the lead
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acetate blood lead (AUC) dose-response curve. T h i s constraint was judged
to be necessary because the weight of evidence f r o m all s tudie s c l early showed
the lead acetate blood lead dose response curve was non-linear and was best
fit by an exponential equation, but in some studies there were only two low
doses of lead acetate used to d e f i n e the dose-response curve, and this narrow
range data set could sometimes be fit nearly as well by a linear as an
exponential curve. The choice of the constraint on "d" was selected to be
s l i g h t l y lower than the observed best-fit value of "d" (0.006) when data f rom
all lead acetate AUC dose-response curves f r om all of the d i f f e r e n t s tudie s in
this program were used. T h i s approach may tend to underestimate relative
b ioavai lab i l i ty s l i gh t ly in some studies ( e s p e c i a l l y at low dose), but use of the
information gained from all studies is j udged to be more robust than basing
fits s o l e l y on the data f r om one study.

In general, one of these models (the linear, the exponential, or the combination) usually
yie lded a fit (as j u d g e d by the value of the a d j u s t e d correlation c o e f f i c i e n t R2 and by visual
inspec t ion of the fit of the line through the measured data p o i n t s ) that was c l early superior
to the others. If two or more model s fit the data approx imat e ly equally wel l , then the
s implest model (that with the fewest parameters) was selected.
Outlier I d e n t i f i c a t i o n
During the dose-response curve f i t t i n g process, all data were care fu l ly reviewed to i d e n t i f y
any anomalous values. T y p i c a l l y , the process used to i d e n t i f y ou t l i er s was as f o l l o w s :
S t e p 1 Any data point s j udged to be outliers based on information derived

f r o m analysis of data across m u l t i p l e s tudies (as oppo s ed to
conclusions drawn from within the s tudy) were excluded (a priori
outl iers).

Step 2 The remaining raw data po in t s were fit to the equation j u d g e d to be
the most l ik e ly to be the best fit (linear, e xponent ia l , or mixed). T a b l e
Curve 2-D was then used to p lo t the 95% predict ion limits around the
best f i t line. All data p o i n t s that fe l l out s ide the 95% p r e d i c t i o n l i m i t s
were considered to be ou t l i er s and were exc luded.

S t e p 3 After excluding these points (if any), a new be s t- f i t was obtained. In
some cases, data po in t s or ig ina l ly inside the 95% pred i c t i on l i m i t s
were now outs ide the l imi t s . However, f u r t h e r iterative cycles of data
point exclusion were not p e r f o r m e d , and the fit was considered f i n a l .

It should be noted that p r o f e s s i o n a l j u d g m e n t can be imposed during any stage of the above
outl ier i d e n t i f i c a t i o n process. T a b l e A-8 shows outliers selected using p r o f e s s i o n a l
judgement .
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Curve Fit Result s
T a b l e A-8 l i s t s the data used to fit these curves, indicat ing which e n d p o i n t s were excluded
as ou t l i er s and why. T a b l e A-9 shows the type of equation selected to fit each data set, and
the best fit parameters. The re sul t ing be s t - f i t equations for the data sets are shown in
Figure s A-4 to A-l 5. Value s excluded as out l i er s are represented in the f i gur e s by the
symbol"+".

4.0 RESULTS - CALCULATED RBA VALUES
The value of RBA for a test substance was calculated for a series of doses using the
f o l l o w i n g procedure:

1. For each dose, calculate the expected response to test material , using the best
f i t equation through the dose-response data for that material .

2. For each expected response to test material , calculate the dose of lead acetate
that is expected to yield an equivalent response. T h i s is done by "inverting"
the dose-response curve for lead acetate, solving for the dose that
corresponds to a s p e c i f i e d response.

3. Cal cu la t e RBA at that dose as the ratio of the dose of lead acetate to the doseof test material. For the s i tuat ion where both curves are l inear, the value of
RBA is the ratio of the s l op e s (the "b" parameters). In the case where both
curves are exponential and where both curves have the same values for
parameters "a" and "c", the value of RBA is equal to the ratio of the "d"
parameters.

The result s are summarized in T a b l e A-l 0.
5 .0 QUALITY ASSURANCE DATA
A number of s t e p s were taken throughout this s tudy and the other s tud i e s in thi s p r o j e c t to
ensure the qual i ty of the results, i n c l u d i n g 5% d u p l i c a t e s , 5% s tandard s , a program of
interlaboratory comparison. The s e s t e p s are de ta i l ed below.
D u p l i c a t e s
D u p l i c a t e samples were prepared and analyzed for about 5% of all s ampl e s generated
during the study. T a b l e A-l 1 l i s t s the f i r s t and second values for b lood , liver, kidney, and
bone. The resul t s are shown in Figure 3-1 in the main text.
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S t a n d a r d s
The Centers for Disease Control and Prevention ( C D C P ) provides a variety of blood lead"check samples" for use in quality assurance programs for blood lead studies. Each time a
group of blood sampl e s was prepared and sent to the laboratory for analysis, several CDCPcheck sample s of d i f f e r e n t concentrations were inc luded. T a b l e A-12 l i s t s theconcentrations reported by the laboratory compared to the nominal concentrations indicated
by CDCP for the sample s submitted during this s tudy, and the results are p l o t t e d in Figure
3-2 in the main text.
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T A B L E A - 1 BODY W E I G H T S A N D A D M I N I S T E R E D D O S E S , B Y D A Y
B o d y w e i g h t s were measured on days-1 . 2. 5, 8, 11. 14. W e i g h t s for o t h e r d a y s are e s t i m a t e d , based on l i n e a r i n t e r p o l a t i o n be tween measured values.

G r o u p I D 0

1 3111 3261 338 .1 343
1 3492 3042 307
2 3122 314
2 350
3 3023 3033 3223 3273 3424 313
4 3284 3294 3334 3485 317
5 324
5 340
5 3415 354
8 3218 332
6 335
6 355
6 3637 305
7 306
7 316
7 3207 347
6 3018 318
8 3528 356
8 3588 3099 330
9 3519 353
9 35910 32510 33710 380

Day-1BW ug Pb( k g ) p « r d a y
9.5 09.04 09.76 08.34 09.17 0

9.89 09.47 09.04 09.57 09.75 08.77 010.85 0
9.2 09.32 09.14 09.55 08.6 08.8 08.6 010.26 0

8.42 0
8.23 09.5 09.1 01125 08.5 010.1 010.03 0
7.81 0
8.8 09.15 0

9.55 09.4 0
8.67 0
9.7 0

10.17 010.12 010.06 0
9.35 08.75 011.25 09.65 011.6 09.04 010.6 09.09 09.16 09.7 0

DnyOBW ug Pb
10.0 2549.6 254
10.1 254
8.6 254
9.6 254
10.4 791
9.6 7819.3 7919.7 79110.0 7919.0 2353

11.1 23539.5 23539.3 23539.5 2353
10.1 7629.0 7629.0 7628.8 76210.6 7628.6 23188.8 2318
9.6 23189.3 2318
11.5 23188.8 5024
10.1 602410.1 S0248.3 S0249.1 5024
9.3 77210.0 7729.8 7729.1 77210.0 77210.3 240510.2 240510.2 24059.7 2405
9.1 2405
11.5 571410.0 571411.6 57149.5 5714
10.9 6714
9.5 0
9.8 0
9.8 0

D a y 1BW ug Pbf k g l p«r day
10.5 25410.1 25410.4 254
8.8 254

10.1 254
10.9 791
9.8 791
9.6 791
9.9 791
10.3 7919.3 235311.4 2353
9.9 2353
9.3 23539.8 2353
10.6 762
9.5 762
9.3 782
9.0 782
11.0 762
8.9 23189.3 23189.7 2318
9.4 231811.7 23189.1 502410.1 502410.3 50248.9 50249.5 5024
9.4 77210.4 7729.9 7729.5 77210.4 77210.4 240510.3 240510.4 240510.0 2405
9.5 240511.8 571410.4 5714

11.5 57149.9 571411.2 571410.0 010.4 09.9 0

Day 2BW ug Pb
11.06 254
10.66 25410.75 2549.07 25410.54 25411.33 7919.9 7919.82 79110.08 79110.58 7919.53 235311.84 2353
10.19 23539.28 235310.12 235311.19 762
9.89 7629.54 7829.27 76211.34 762
9.09 23189.83 23189.86 23189.56 231811.88 2318
9.35 502410.11 502410.38 50249.42 50249.83 5024
9.46 77210.85 77210.08 7729.93 77210.71 77210.53 240510.37 240510.55 240510.32 2405
9.94 2405

12.12 571410.7 5714
11.52 571410.27 571411.48 571410.45 010.98 010.03 0

Day 3BW ug Pb
11.4 285
10.9 285
11.4 285
9.2 285
10.7 265
11.6 85110.0 8519.9 85110.4 85111.0 851
9.8 250911.7 250910.7 25099.6 250910.3 2509

11.4 84310.4 8439.9 8439.8 84311.5 8439.7 248510.0 248510.5 24859.9 248512.4 2465
9.8 540910.3 540910.9 54099.7 540910.4 5409
9.9 840
11.1 840
10.3 840
10.3 840
11.0 84010.7 255210.9 255211.1 255210.7 2552
10.4 545312.5 610711.3 610711.9 610710.6 610712.0 610710.2 0
11.1 010.3 0

Day 4BW ug Pb
11.7 285
11.1 285
12.1 285
9.4 285
10.6 285
11.9 851
10.1 851
10.1 85110.6 85111.4 85110.1 250911.7 250911.2 25099.9 250910.4 250911.6 643
10.9 84310.2 84310.2 84311.8 84310.3 248510.3 248511.1 248510.2 248512.8 248510.2 540910.4 540911.4 540910.1 540910.9 5409
10.3 840
11.3 84010.4 840
10.7 840
11.4 84010.9 255211.4 255211.8 255211.0 255210.8 2552
12.8 6107
11.8 6107
12.3 6107
11.0 6107
12.5 6107
10.0 0
11.2 010.6 0

D a y 5BW ug Pb
11.95 285
11.36 285
12.84 285
9.5 285

10.96 285
12.12 851
10.26 851
10.18 85111.16 85111.85 85110.4 250911.68 250911.72 250910.23 250910.61 260911.73 843
11.35 84310.57 84310.71 84311.96 84310.92 246510.46 248511.77 246510.53 248513.29 246510.61 540910.6 540911.96 540910.36 540911.5 5409
10.68 84011.54 64010.6 84011.14 84011.88 84011.11 255211.85 255212.08 255211.36 2552,
11.22 255213.21 610712.35 8107
12.75 6107
11.29 6107
12.96 6107
9.75 0
11.35 0
10.86 0

Day 6
BW u g P b
12.0 30811.5 30813.1 3089.8 308
11.3 30812.6 90910.8 90910.5 90911.5 90912.2 909
10.8 268412.1 268412.0 268410.8 268411.1 288411.9 92011.6 920
11.0 920
11.0 92012.4 92011.6 2789
10.9 278912.0 278911.3 278913.6 278911.2 600511.2 600512.3 600510.9 600511.8 6005
11.1 90911.9 909
11.1 90911.5 90912.0 90911.4 2819
11.9 2819
13.3 2819
11.5 2819
11.6 2819
13.5 675612.7 675613.1 675611.7 675613.4 675610.4 0
11.7 011.4 0

D a y ?BW ug Pb
12.1 30811.7 30813.3 30810.1 30811.7 308
13.0 90911.3 909
10.8 90911.9 909
12.5 90911.2 268412.6 268412.3 268411.3 268411.6 268412.1 92011.9 92011.5 92011.3 92012.7 920
12.0 278911.4 278912.3 278912.1 276913.9 276911.7 800511.8 . 600512.7 600511.3 600512.0 6005
11.5 90912.3 90911.5 90911.9 90912.4 90911.8 281912.0 281914.6 281911.7 2819
11.9 2819
13.8 675613.0 675613.5 675612.2 675613.8 675611.1 0
12.1 012.0 0

Day 8BW ug Pb
1223 30811.85 30813.53 30810.35 30812.1 30813.5 90911.81 90911.08 90912.2 90912.78 90911.64 2684
13.08 268412.53 2684
11.79 268412.11 266412.3 92012.18 92011.9 92011.83 92013.14 920
12.52 2789
I t . 8 9 278912.52 278912.9 276914.13 276912.27 600512.4 600513.05 600511.81 600512.25 6005
11.97 90912.67 909
11.98 90912.31 90912.71 909
12.11 281912.14 281915.64 281911.84 2819
12.21 281914.1 675613,38 6756
13.64 676612.62 675614.18 675611.77 0
12.42 012.62 0

Day 9BW u n P b
12.8 325
12.4 325
13.9 325
10.8 32512.6 32513.8 99512.2 995
11.4 99512.4 99513.2 995
12.1 297713.8 297713.0 297712.2 297712.6 297712.9 99212.8 99212.4 992
12.0 99213.6 992
12.9 310312.2 310312.9 310312.7 3103
14.8 3103125 667813.0 687613.7 687812.5 667812.7 6676
12.4 1000
13.0 1000
12.3 1000
12.7 1000
13.2 1000
12.4 3111
12.7 311114.8 3111
12.4 311112.7 3111
14.5 7312
14.0 7312
14.2 7312
12.9 7312
14.7 731212.3 013.3 ' 012.9 0

Day 10BW u g P b
13.4 325
13.0 325
14.3 325
11.3 325
13.0 325
14.0 99512.6 99511.7 89512.6 99513.6 99512.5 297714.1 297713.5 297712.6 297713.0 297713.6 99213.0 99213.0 99212.4 99213.8 99213.3 3103
12.5 310313.3 310312.4 310315.4 310312.8 667813.5 667814.4 667813.1 667613.1 6678
12.9 100013.4 100012.7 100013.2 100013.7 100012.7 311113.2 311113.8 311113.0 311113.3 311114.9 731214.6 7312
14.6 7312
13.2 7312
15.2 7312
12.9 0
14.1 0
13.2 0

Day 11BW ug Pb
13.98 325
13.62 325
14.66 325
11.77 325
13.4 325

14.29 995
13.05 995
12.04 99512.85 995
14.02 99512.92 297714.61 297713!95 2977
12.95 297713.44 2977
14.03 992
13.4 992

13.48 992
12.74 992
14.11 992
13.66 310312.75 310313.67 3103
12.2 3103

16.07 310313.01 667814.11 667815.02 667813.73 667813.64 6678
13.32 100013.74 100013 100013.59 100014.21 100013.03 311113.8 3111
12.8 3111

13.57 3111
13.78 3111
15.29 731215.22 731214.99 731213.49 731215.78 731213.45 0
14.92 013.42 0

Day 12BW ug Pb
13.9 362
13.7 36214.7 36212.0 38213.6 36214.5 1069
13.1 1069
12.3 1069
13.2 1069
14.2 1069
13.1 327914.5 327914.1 327913.2 327913.8 327914.3 109113.5 109113.7 1091
13.1 1091LJ4.5 109114.2 3301
12.8 330114.1 330112.8 330118.4 330113.3 7441
14.3 744115.4 744113.8 744113.9 7441
13.6 109314.1 109313.4 109313.8 109314.5 1093
13.3 323914.1 323913.6 323913.9 3239
13.9 323915.9 797715.6 7977
15.4 797713.8 797718.0 797713.8 0
15.1 013.9 0

Day 13BW ug Pb
13.9 36213.7 36214.8 38212.2 36213.8 36214.8 106913.2 106912.7 106913.6 106914.4 106913.3 327914.5 327914.3 327913.5 327914.2 327914.5 109113.7 109114.0 109113.4 109114.9 1091
14.7 330112.9 3301
14.5 330113.1 330116.8 330113.5 744114.4 7441
15.7 744113.9 744114.2 744113.9 109314.6 109313.7 109314.0 109314.8 109313.5 323914.5 323914.3 3239
14.2 3239
14.0 323916.5 797716.0 797715.7 797714.2 797718.2 797714.1 0
15.3 014.3 0

Day 14BW u g P b
13.86 36213.8 36214.65 36212.35 36213.96 362
15.04 106913.3 108912.96 1069
13.9 108914.61 1069
13.5 327914.36 327914.45 327913.81 327914.64 327914.7 109113.83 1091

14.21 109113.78 109115.23 109115.22 330113.04 330114.97 330113.6 330117.17 330113.74 744114.81 744116.06 7441
13.93 7441
14.56 7441
14.21 1093
14.88 1093
14.06 1093
14.2 .1093

15.07 109313.7 323914.8 323915.11 3239
14.61 323914.15 323917.04 797716.42 797716.1 797714.55 797716.41 7977
14.45 0
15.52 014.71 0

Day 15BW ug Pb(kg) per day
13.8 013.9 014.9 012.5 014.1 016.3 013.4 013.3 014.3 014.8 013.7 014.3 014.6 014.1 015.0 014.9 014.0 014.5 014.1 015.6 0
15.7 013.1 015.4 013.9 017.6 014.0 014.6 016.4 014.0 014.9 0
14.5 015.3 014.4 014.4 015.4 013.9 016.1 015.9 014.8 0
14.3 017.6 018.8 0
16.5 0
14.9 0
16.6 0
14.8 0
15.7 0
15.1 0

On 1 1 / 2 / 2 0 0 0 (AM Dose). Pig #358 ( g r o u p 6) recoivod 100% of the G r o u p 8 dose and 95% of the G r o u p 9 dose



TABLE A-2Body W e i g h t A d j u s t e d Doses(Dose f or Day/BW for Day)
G r o u p ID t t

1 311
1 3261 3381 343
1 3492 3042 307
2 312
2 314
2 3503 3023 3033 3223 3273 342
4 3134 3284 329
4 333
4 3485 3175 3245 340
5 3415 3S46 321
6 332
6 3356 3556 3637 3057 3067 3167 320
7 3478 3018 3188 3528 356
8 3589 3099 3309 3519 3539 35910 32510 33710 360

Day 0 Day 1
25.35 24.10
26.52 25.1025.18 24.3829.60 28.7826.39 25.2076.26 72.8882.26 81.05
85.03 82.72
81.19 79.8078.87 76.75

260.72 253.60
211.69 206.79246.86 238.60252.79 253.15248.51 240.22' 75.49 71.6184.40 80.5784.25 82.01

86.38 84.2571.77 69.41
268.13 261.37264.45 249.28240.90 237.94250.45 246.37202.23 198.59571.99 554.12
497.26 497.10
495.14 489.51601.92 565.55549.47 529.59

83.43 82.51
77.33 74.1280.20 78.3584.93 81.1876.92 74.43233.75 231.05

235.73 233.82
235.27 231.57
248.65 240.61
262.96 252.03495.15 483.01
571.40 552.08
493.72 494.86604.66 579.51
524.86 511.400.00 0.000.00 0.000.00 0.00

Day 2 Day 3
22.97 25.13
23.83 26.2023.63 24.9328.01 30.98
24.10 26.7269.80 73.37
79.88 84.9080.53 85.5878.45 81.4874.74 77.31246.86 255.52202.11 215.32

230.87 234.50
253.51 261.47
232.47 244.0168.11 74.1877.06 81.2879.89 85.34

82.22 86.5167.21 73.05
254.95 256.18
235.76 247.50235.04 236.73
242.42 251.42195.08 201.21537.33 553.63
496.93 526.51484.01 495.94533.33 555.34
511.09 520.76

81.61 85.24
71.16 75.85
76.59 81.97
77.75 81.33
72.09 76.17228.42 237.98231.94 234.91227.99 230.74233.07 239.10241.98 525.99

471.45 489.21534.02' 542.84
496.01 511.90556.38 575.59498.60 510.620.00 0.00

0.00 0.000.00 0.00

Day 4 Day 5
24.49 23.8825.65 25.12
23.50 22.2330.50 30.0426.38 26.0471.74 70.19
83.89 82.9184.56 83.5678.76 76.22
74.44 71.78248.19 241.27215.07 214.83223.84 214.10

253.11 245.28240.19 236.4973.03 71.91
77.64 74.3182.48 79.80
82.45 78.7571.76 70.52

241.02 227.55242.43 237.56223.19 211.12
243.46 235.98193.83 186.98530.81 509.80
518.27 510.28
473.09 452.26537.67 521.10
494.27 470.3581.92 78.8474.31 72.83

80.61 79.29
78.28 75.44
74.00 71.96

233.77 229.70
224.71 215.35220.57 211.25231.43 224.25
236.44 227.45475.38 462.30517.54 494.49494.89 478.98557.72 540.92490.13 471.220.00 0.000.00 0.000.00 0.00

Day 6 Day 7
25.58 25.38
26.73 26.36
23.57 23.1631.49 30.60
27.16 26.2872.22 69.67
84.31 80.4586.75 84.3978.96 76.6574.72 72.86

248.19 239.06
220.95 212.77223.84 218.91249.66 238.14
241.57 231.1677.16 75.9579.11 77.2783.52 80.29
83.49 81.2374.46 72.16

243.48 232.65254.98 244.33
232.00 227.27
246.35 230.28205.50 201.35537.92 512.52
536.16 508.90
487.29 ' 473.33553.12 529.85511.06 500.42

81.94 78.8476.30 73.9782.22 78.93
78.86 76.28
75.63 73.53246.33 239.35

235.95 234.05211.41 193.24244.40 241.20244.05 237.27500.20 489.45532.25 518.23515.20 501.31575.80 554.83505.44 490.510.00 0.000.00 0.000.00 0.00

Day 8 Day 9
25.19 25.39
26.00 26.15
22.77 23.39
29.76 30.06
25.46 25.95
67.30 72.3176.93 81.42
82.15 87.4074.47 80.1571.09 75.44

230.57 246.69
205.18 219.04214.19 228.92
227.63 244.46221.62 237.1374.78 77.0675.52 78.8377.29 79.85

79.09 82.6970.00 73.70
222.74 240.56234.54 254.85
222.74 240.50216.17 244.99197.36 210.01489.41 533.53
484.27 514.88460.15 487.21
508.47 536.39490.20 526.6675.96 80.48

71.77 76.7375.90 81.14
73.87 78.4871.54 75.67232.77 250.57232.19 245.11

177.95 209.84238.07 250.57
230.86 244.34479.15 504.39
504.93 . 522.53488.15 514.08535.34 566.38476.45 496.960.00 0.00

0.00 0.000.00 0.00

Day 10 Day 11
24.28 23.27
24.97 23.88
22.77 22.1928.80 27.64
25.09 24.28
70.95 69.65
78.76 76.2684.97 82.6678.78 77.4573.14 70.99

238.27 230.40211.12 203.75220.88 213.39236.94 229.86229.04 221.4873.75 70.7276.37 74.0576.60 73.61
80.21 77.8871.97 70.32

233.67 227.17248.99 243.39
233.56 227.01
249.59 254.36201.20 193.11
523.22 513.30
493.21 473.28464.93 444.61
510.16 486.38
509.38 493.2177.67 75.0574.69 72.7578.96 76.89

75.94 73.55
72.91 70.34

244.53 238.78234.87 225.46225.24 243.07239.45 229.28234.70 225.78490.96 478.22500.59 480.42500.59 487.79553.94 542.03
479.58 463.370.00 0.000.00 0.000.00 0.00

Day 12
25.97
26.47
24.60
30.27
26.6573.5081.3886.5680.97
75.18250.06

225.63232.29
247.73236.9376.57

80.5979.53
83.4075.36232.78

256.93234.04261.27200.82561.44
521.20484.23539.33536.1080.26

77.4081.84
79.2375.39244.40229.18238.70233.31232.97

502.54510.69
519.34
576.23
498.87

0.00
0.00
0.00

Day 13 Day 14
26.03 26.09
26.36 26.2424.49 24.3929.79 29.3226.29 25.94
72.26 71.0680.86 80.3684.46 82.4778.87 76.89
74.15 73.15246.43 242.90226.83 228.04229.58 226.93

242.48 237.45230.28 223.9975.39 74.2479.74 78.9278.14 76.81
81.25 79.2073.46 71.66224.54 216.87255.02 253.13227.06 220.49

252.61 244.50196.43 192.24551.32 541.56
515.19 509.31
473.55 463.33536.74 534.17
523.28 511.06

78.55 76.9175.37 73.45
79.73 77.7378.08 76.9673.93 72.52240.35 236.43223.90 218.86225.88 214.37228.16 223.23230.92 228.91484.73 468.13497.94 485.81

507.12 495.47561.89 548.25
492.41 486.110.00 0.00

0.00 0.000.00 0.00

Avg Dose
24.87
25.7123.6829.71
25.8671.5581.04
84.25
78.6174.31245.25214.61226.51

244.91234.3474.0078.3879.96
81.9371.7.9

238.91248.21
229.97244.68198.39534.79
506.85475.24
536.63511.7979.9574.5479.3678.0173.80237.88
230.40
219.81236.32
257.11484.95
517.72
499.96
561.96493.100.00

0.000.00

T a r g e t Dose
25
25
2525
25
75
75
75
75
75225

225
225225
225

75
75
75
75
75225

225225
225
225
500
500
500500
500

75
75
75
75
75

225
225225225
225
500500500500500000

% T a r g e t Avg %
99

10395119
103 10495108
112
10599 104
10995
101109104 10499
105107
10996 103106110102
10988 103107
10195107102 1031079910610498 10310610298105114 1059710410011299 102



TABLE A - 3 RAW AND ADJUSTED BLOOD LEAD DATA
pig number s a m p l e group material administered dosage q u a l i f i e r result day MATRIX A d j u s t e d Value ()"

311
326
338
343
349
304
307
312
314
360302 '303322327342
313
328
329
333
348
317
324
340341
364
321332
335
355
363
305
306
316
320
347
301
318
352
356
358
309
330
351
353
359
325
337
360
311
326
338
343
349
304
307
312314
350
302
303
322
327
342
313
328
329
333
348
317
324
340
341
354
321
332
335355363305306316320
347
301
318
352
356
358
309
330
351

VB-03-0173
VB-03-0221VB-03-0214VB-03-0212
VB-03-0205
VB-03-0217
VB-03-0223
VB-03-0194VB-03-0138
VB-03-0196
VB-03-0186
VB-03-0203
VB-03-0219
VB-03-0198VB-03-0197
VB-03-0180VB-03-0183VB-03-0213VB-03-0195VB-03-0199VB-03-0175VB-03-0182
VB-03-0176VB-03-0200
VB-03-0206
VB-03-0174
VB-03-0216
VB-03-0207
VB-03-0187
VB-03-0208VB-03-0201
V8-03^220
VB-03-0210VB-03-0209
VB-034218
VB-03-0190
VB-03-0189
VB-0»0224
VB-03-0204
VB-03-0193
VB-03-0185
VB-03-0181
VB-03-0179
VB-03-0215
VB-03-0177
VB-Q3-0184
VB-03-0225
VB-03-0192
VB-03-0244
VB-03-0228
VB-03X>237
VB-03-0257
VB-03-0269
VB-03-0277
VB-03-0247
VB-03-0253
VB-03-0272
VB-03-0240
VB-03XJ230
VB-03-0260
VB-03-0258
VB-03-0243
VB-03-0266
VB-03-0262VB-03-0242
VB-03-0278
VB-03-0229
VB-03-0254
VB-03-0232
VB-03-0239
VB-03-0263
VB-03-0234
VB-03-0274
VB-03-0265
VB-03-0236
VB-03-0235
VB-03-0256
VB-03-0264
VB-03-0255
VB-03-0273VB-03-0259
VB-03-0261
VB-03-0249
VB-03-0266
VB-03-0241
VB-03-0227
VB-03-0245VB-03-0251
VB-03-0276
VB-03-0250
VB-03-0233

1
1
1
1
1
2
2
2
2
233333
4
4
4
4
4
5
5
5
5
5
6
6
666
7
7
7
7
7
8
8
8
8
8
9
999910
10
1011111
2
2
2
22
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5
6
6
666
7
7
7
7
7
8
8888999

PbAc
PbAc
PbAc
PbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS t t e lS i t e lSite 2Site 2Site 2Site 2Site 2Site 2 'Site 2Site 2Site 2Site 2S i t e 2Site 2S r t e 2Site 2Site 2ControlControlControlPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcS i t e lS i t e lS i t e lS i t e lS i t e lS t t e lS t t e lS i t e lS t t e lS t t e lS t t e lS t t e lS i t e lS t t e lS t t e lSite 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2

25
25
25
25
25
75
75
75
75
75

225
22522522522575

75
75
75
75 <225

225
225
225
225500500500 <500500

7575
75
75
75

225225225
225225500
500
500
500
5000

0
0

25
25
25
25
25
75
75
75
75
75

225
225
225
225
225

75
75
75
75
75225225225225225

500 _„.
500 "
500
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352
356
358309330351353359
325
337
360
311
326
338
343
349
304
307
312
314
350
302
303322
327
342
313
328
329
333
348
317
324
340
341
354
321
332
335
355
363
305
306
316
320
347
301318352
356358309330351353
359
325
337
360

VB-03-0592VB-03-0554
VB-03-0547VB-03-0571VB-03-0570VB-03-0553VB-03-0565VB-03-0574VB-03-0560VB-03-0577VB-03-0544VB-03-0635VB-03-0616VB-03-0649VB-03-0622VB-03-0605VB-03-0618VB-03-0610VB-03-062SVB-03-0601VB-03-0608VB-03-0604VB-03-0613VB-03-0629VB-03-0645VB-03-0602VB-03-0626VB-03-0598VB-0 3-0640VB-03-0623VB-0 3-0 634VB-03-0630VB-03-0614VB-03-0597VB-03-0621VB-0 3-0644
VB-0 3-0 600VB-03-0647VB-03-0641VB-03-0603VB-03-0611VB-03-0620VB-03-0606VB-03-0642VB-03-0619VB-03-0643VB-03-0607VB-03-0646VB-03-0612VB-03-0631VB-03-0636VB-03-0599VB-03-0617VB-03-0627VB-03-0615VB-03-0624VB-03-0637VB-03-0632VB-03-0639

8
8
8
9.
9
9
9
9
10
10
101
1
1
1
1
22222
33333
4
4
4
4
4
5
5
555666
6
6
7
7
7
7
7
8888899
9
99101010

Site 2Site 2Site 2S i t e 2Site 2Site 2S i t e 2Site 2ControlControlControlPbAcPtoAcPtoAcPbAcPbAcPtoAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcS l t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lSite 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2ControlControlControl

225225
225500500
50050050000 <0 <252525252575

75
75
75
75

225
225
225
225
225

75
75
75
75
75

225
225
225
225
225
500
500
500
500
500

75
75
75
75
75

225
225
225
225
225
500
500
500
500
500

0 <
0 <
0 <

12.0
6.4
8.912312.0' 1 0 311.113.3
1.51.01.02.0332.8
2.5 .3.16.34.44.93.6
4.5
9.7
9.1
10.7
7.8
9.0
2.5
3.0
4.0
3.6
4.8
9.4
9.5
5.5
13.0
10.9
13.0
14.6
11.1
13.5
11.2
5.7
52
4.0
5.3
2.8
7.9
103
11.0
6.3
8.0

13.1
163
10.8
12.1
12.7
1.0
1.01.0

12
12
12
12
12
12
12
12
1212
12
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

BloodBloodBloodBloodBloodBloodBloodBloodStoodStoodBloodBloodBloodStoodStoodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBlood

12.06.48.9
123
12.0
103
11.1
13.3
1.5
0.5
0.5
2.0
33
2.8
2.5
3.1
6.3
4.4
4.9
3.64.59:7
9.110.7
7.8
9.0
2.5
3.0
4.0
3.6
4.8
9.4
9.5
5.5
13.0
10.9
13.0
14.6
11.1
13.5
113
5.7
53
4.0
5.3
2.8
7.9
103
11.0
6.3
8.0
13.1
163
10.8
12.1
12.7
0.5
0.50.5

Non-detects evaluated using 1/2 the quantitation limit laboratory results (ug/U converted to concentration in blood (ug/dU by div id ing by d i lu t ion factor of 1 dLA



T A B L E A - 4 BLOOD L E A D O U T L I E R S
F l a g g e d Data Points

lOutl i er s

test
material
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
PbAc
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 1
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
T M 2
Control
Control
Control

target Actual
dosage Dose* group

25 24.87 1
25 25.71 1
25 23.68 1
25 29.71 1
25 25.86 1
75 71.55 2
75 81.04 2
75 84.25 2
75 78.61 2
75 74.31 2

225 245.25 3
225 214.61 3
225 226.51 3
225 244.91 3
225 234.34 3

75 74.00 4
75 78.38 4
75 79.96 4
75 81.93 4
75 71.79 4

225 238.91 5
225 248.21 5
225 229.97 5
225 244.68 5
225 198.39 5
500 534.79 6
500 506.85 6
500 475.24 6
500 536.63 6
500 511.79 6

75 79.95 7
75 74.54 7
75 79.36 7
75 78.01 7
75 73.80 7

225 237.88 8
225 230.40 8
225 219.81 8
225 236.32 8
225 257.11 8
500 484.95 9
500 517.72 9
500 499.96 9
500 561.96 9
500 493.10 9

0 0.00 10
0 0.00 10
0 0.00 10

p ig#
311
326
338
343
349
304
307
312
314
350
302
303
322
327
342
313
328
329
333
348
317
324
340
341
354
321
332
335
355
363
305
306
316
320
347 _,
301
318
352
356
358
309
330
351
353
359
325
337
360

BLOOD LEAD (ug/dL) BY DAY
0

0.5
2.0
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5 .
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
8.t|
0.50.5 :
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

1
0.5
0.5
0.5
0.5 ::i:o . s f 7

2.0
2.0
1.0
2.0
2.0
2.0
2.0

' - : ' • ; 4 - 7 • ^3.0
1.0 :
0.5
1.0
0.5
2.0
1.0
3.0
3.6
2.0

" 5 . 2
2.0
4.0
3.1
3.2;/ :6.9
4.0
0.5i.o£
1.0;1.0:i.o
3.0
2.0
3.9
2.0
3.5
4.5
5.7
2.0
4.1
3.7
0.5
0.5
4.0

2
:. ; -.:. ::0-5
:-: 0:5

0:5• • . - • ' h - 0 . 5•:=17.0
2.0
2.0
3.0
2.0
2.0
4.0
4.9

:-.:Ji3
4.2
1 J 3
1.0
1.0
1.0
2.0
1.0
3.6
4.9
3.1
4.7
3.0
5.7
4.6
3.8
7.8
5.2
2.0

29:0: 2.0
: £0

0.5
3.0
2.0
3.7
2.0
5.0
6.7
6.3
3.9
5.9
4.4
0.5
0.5
2.0

3
0.5
2.8
0.5
0.9
1.0
2.6
3.2
3.8
2.0
2.4
4.5::::..,::6.7
6.4
5.0
4.0
1.6
1.3
4.7
6.7
2.2
3.6
5.2
4.1
4.7
3.3
7JL

J ' . ; : 3 . 8 V
' • • • L : . ' . ' 3 . 7 :

: :: 10-16.4
1.5
2.6
2.5
1.3
0.5
3.8
3.5
3.8
3.1
4.6
7.1
7.3
4.6

11.0
5.6
0.5
0.5
0.5

5
0.5
1.3
0.5
1.4
1.2
2.8
1.9
4.5
2.0
2.8
7.1
6.3
7.3
6.3
3.6
1.7
1.0
2.6
2.9
2.2
4.6
4.9
3.5
6.5
5.4

12.0|
.4.7

5.1
9.2
6.8
2.6
1.7
2.6
1.2
1.1
5.2
5.4
6.7
3.7
5.8
7.7
7.9
5.9
6.6
7.4
0.5
0.5
0.5

7
0.5
1.0
1.3
0.5
1.9
3.8
1.7••',i:.sz
2.7
2.4
6.9
6.3
8.1
6.8
7.9
2.2
1.8
3.5
2.9
3.0
5.7
7.0:.;.4.5
9.6
7.8
8.2
7.0
6.6
9.8
6.5
3.3
3.7
2.8
2.5
1.5
8.0
6.3
7.4
3.6
7.4
8.2
9.7
6.5
8.5
9.5
0.5
0.5
0.5

9
1.9
2.0
2.2
2.2
2.4
4.3
3.7
5.4
3.5
3.5
7.8
7.6
9.9
7.2
9.4
2.9
2.6̂
4.0
3.8
5.3
7.3
8.0
5.1

10.5
10.1
11.3
10.0
8.6

11.7
' 9.5

4.4
4.4
3.1
2.8
1.7
6.2
7.3

11.4
4.7
9.2

11.3
10.4
9.4

10.9
11.4
0.5
0.5
0.5

12
2.0
2.9
3.5
2.2
2.9
5.5
4.7
5.9
3.2
4.8
9.7
9.1

11.1
9.4

12.0
3.8
9.9|
4.4
5.0
4.7
8.8
9.6
6.2
9.7

10.2
17.0
11.4
9.9

13.6
10.0

4.5
4.6.
4.0
5.2
3.3
7.1
9.0

12.0
6.4
8.9

12.2
12.0
10.2
11.1
13.3

1.5
0.5
0.5

15
2.0
3.2
2.8
2.5
3.1
6.3
4.4
4.9
3.6
4.5
9.7
9.1

10.7
7.8
9.0
2.5
3.0
4.0
3.6
4.8
9.4
9.5
5.5

13.0
10.9
13.0
14.6
11.1
13.5
11.2

5.7
5.2
4.0
5.3
2.8
7.9

10.2
11.0
6.3
8.0

13.1
16.2
10.8
12.1
12.7
0.5
0.5
0.5

* Average T i m e and W e i g h t - A d j u s t e d Dose for Each Pig



TABLE A-6 Area U n d e r Curve Determinations

C a l c u l a t e d using in t e rpo la t ed value s for e x c l u d e d data as noted in T a b l e A-5
A U C ( u g / d L - d a y s ) F o r T i m e S p a n Shown

group
1
1
1
1
1
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5
6
6
6
6
6
7
7
7
7
7
8
8
8
8
8
9
9
9
9
9
10
10
10

pig#311326338
343349
304
307
312
314
350
302
303
322
327
342
313
328
329
333
348
317
324
340
341
354
321
332
335
355
363305
306
316
320
347
301
318
352
356
358
309
330
351
353359
325337360

0-1
0.50
1.25
0.50
0.50
0.50
1.25
1.25
0.75
1.25
1.25
1.25
1.25
2.60
1.75
0.75
0.50
0.75
0.50
1.25
0.75
1.75
2.05
1.25
2.85
1.25
2.25
1.80
1.85
3.70
2.25
0.50
0.75
0.75
0.75
0.75
1.75
1.25
2.20
1.25
2.00
2.50
3.10
1.25
2.30
2.10
0.50
0.50
2.25

1-2
0.50
0.50
0.50
0.50
0.63
2.00
2.00
2.00
2.00
2.00
3.00
3.45
5.50
3.60
1.00
0.75
1.00
0.75
2.00
1.00
3.30
4.25
2.55
4.95
2.50
4.85
3.85
3.50
7.35
4.60
1.25
1.40
1.50
1.50
0.75
3.00
2.00
3.80
2.00
4.25
5.60
6.00
2.95
5.00
4.05
0.50
0.50
3.00

2-3
0.50
1.65
0.50
0.70
0.88
2.30
2.60
3.40
2.00
2.20
4.25
5.80
6.35
4.60
2.50
1.30
1.15
2.85
4.35
1.60
3.60
5.05
3.60
4.70
3.15
6.70
4.20
3.75
8.95
5.80
1.75
2.20
2.25
1.65
0.50
3.40
2.75
3.75
2.55
4.80
6.90
6.80
4.25
8.45
5.00
0.50
0.50
1.25

3-5
1.00
4.10
1.00
2.30
2.20
5.40
5.10
8.30
4.00
5.20
11.60
13.00
13.70
11.30
7.60
3.30
2.30
7.30
9.60
4.40
8.20

10.10
7.60

11.20
8.70

15.65
8.50
8.80

19.30
13.20
4.10
4.30
5.10
2.50
1.60
9.00
8.90

10.50
6.80
10.40
14.80
15.20
10.50
17.60
13.00
1.00
1.00
1.00

5-7
1.00
2.30
1.80
1.90
3.10
6.60
3.60
9.70
4.70
5.20
14.00
12.60
15.40
13.10
11.50
3.90
2.80
6.10
5.80
5.20

10.30
11.90
8.00

16.10
13.20
16.15
11.70
11.70
19.00
13.30
5.90
5.40
5.40
3.70
2.60
13.20
11.70
14.10
7.30
13.20
15.90
17.60
12.40
15.10
16.90
1.00
1.00
1.00

7-9
2.40
3.00
3.50
2.70
4.30
8.10
5.40

10.60
6.20
5.90

14.70
13.90
18.00
14.00
17.30
5.10
4.40
7.50
6.70
8.30

13.00
15.00
9.60

20.10
17.90
19.50
17.00
15.20
21.50
16.00
7.70
8.10
5.90
5.30
3.20
14.20
13.60
18.80
8.30
16.60
19.50
20.10
15.90
19.40
20.90
1.00
1.00
1.00

9-12
5.85
7.35
8.55
6.60
7.95

14.70
12.60
16.95
10.05
12.45
26.25
25.05
31.50
24.90
32.10
10.05
8.10

12.60
13.20
15.00
24.15
26.40
16.95
30.30
30.45
42.45
32.10
27.75
37.95
29.25
13.35
13.50
10.65
12.00
7.50
19.95
24.45
35.10
16.65
27.15
35.25
33.60
29.40
33.00
37.05
3.00
1.50
1.50

12-15
6.00
9.15
9.45
7.05
9.00

17.70
13.65
16.20
10.20
13.95
29.10
27.30
32.70
25.80
31.50
9.45
8.70

12.60
12.90
14.25
27.30
28.65
17.55
34.05
31.65
45.00
39.00
31.50
40.65
31.80
15.30
14.70
12.00
15.75
9.15

22.50
28.80
34.50
19.05
25.35
37.95
42.30
31.50
34.80
39.00
3.00
1.50
1.50

A U C J to ta l( u g / d L - d a y s )
17.75
29.30
25.80
22.25
28.55
58.05
46.20
67.90
40.40
48.15
104.15
102.35
125.75
99.05
104.25
34.35
29.20
50.20
55.80
50.50
91.60
103.40
67.10
124.25
108.80
152.55
118.15
104.05
158.40
116.20
49.85
50.35
43.55
43.15
26.05
87.00
93.45

122.75
63.90
103.75
138.40
144.70
108.15
135.65
138.00
10.50
7.50
12.50



TABLE A - 7 TISSUE LEAD DATA
pig number sample group material adminis tered dosage q u a l i f i e r result d a y M A T R I X A d j u s t e d Value ( ) ' N o t e s

311
326
338343349304307
312314350302303322327
342
313328329333348317324340341
354
321
332
335
355
363
305
306
316
320
347301318352356358309
330
351
353359
325
337
360
311326338
343349304307312
314
350
302
303
322
327
342
313
328
329
333348317"
324
340
341
354
321332335355363305306316320347

VB-03-0689
VB-03-0669VB-03-0667VB-03-0672VB-03-0674
VB-03-0680VB-03-0693VB-03-0687VB-03-0653VB-03-0683VB-03-0679VB-03-0665VB-03-0695
VB-03-0657
VB-03-0686
VB-03-0676
VB-03-0694
VB-03-0685
VB-03-0655VB-03-0677VB-03-0688VB-03-0656VB-03-0659VB-03-0692VB-03-0700
VB-03-0681VB-03-0697VB-03-0652
VB-03-0664
VB-03-0661
VB-03-0658
VB-03-0698VB-03-0650V&03-0670VB-03-0654VB-03-0662VB-03-0682VB-03-0666VB-03-0671VB-03-0663
VB-03-0696
VB-03-0668VB-03-0675VB-03-0690VB-03-0660VB-03-0678VB-03-0699VB-03-0684
VB-03-0776
VB-03-0774VB-03-0791
VB-03-0758VB-03-0760VB-03-0769
VB-03-0765
VB-03-0800
V&-03-0762
VB-03-0785
VB-03-0764VB-03-0802
VB-03-0777
VB-03-0753VB-03-0784
VB-03-0768
VB-03-0797
VB-03-0788
VB-03-0793VB-03-0759
VB-03-0773VB-03-0752V&03-0786
VB-03-0790
VB-03-0787
VB-03-0778VB-03-0775VB-03-0761VB-03-0771VB-03-0780VB-03-0757VB-03-0789
VB-03-0796VB-03-0770VB-03-0798

1
111
122222333334
4
4
4
4
5
5
5
5
56666
67
7
7
7
7
8
8
8
889
9
9
9
9

10
10
10
1
1
1
1
1
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5
66666
7
7
7
7
7

PbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAc .PbAcPbAcPbAcPbAcPbAcPbAcPbAcS t t e lS i t e lS i t e lS r t e 1S r t e lS i t e lS i t e lS r t e lS r t e lS r t e lS r t e lS i t e lS i t e lS i t e lS i t e lSite 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2S i t e 2ControlControlControlPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS r t e lS r t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lSite 2Site 2Site 2Site 2Site 2

25
25
2525257575
75
75
75

225
225
225225
225

75
75
75
75
75225225

225225
225
500
500
500
500
500

75
75
75
75
75

225
225
225225
225500
500
500
500
500

0 <
0
0

25
25
25
25
25
75
75
75
75
75

225
225
225
225
225

75
75
75
75
75225

225
225
225
225
500
500
500
500500

75
75
75
75
75

4.8
5.4
5.0
5.0
5.4
8.5

13.0
9.5

14.0
8.2

39.036.033.039.030.0
7.5
7.3

11.0
7.9

43.029.025.022.029.020.056.048.035.048.0
57.0
13.0
9.5

11.09.25.625.08.037.023.0
29.0
38.0
46.0
36.0
43.0
40.0
1.0
1.0
1.0
4.8
7.3
3.0
4.4
4.9

12.0
15.0
12.0
11.0
14.0
34.0
37.0
56.036.0
7.4

11.010.0
8.9

37.0
34.023.041.0
41.0
95.0
92.0
53.058.075.014.0
8.4
8.8

10.04.3

15
1515
151515151515151515
1515
1515
1515
1515
15
1515
1515
15
15
15
15
15
15
15
1515
15151515
1515
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
1515
15
15
15
15
15
15
15
15
15
151515151515151515

f e m u rf emurf emurf emurf emurf emurf emurf emurf emurf e m u rf emurf emurf e m u rf e m u rf e m u rf e m u rf emurf emurf e m u rf e m u rf e m u rf e m u rf e m u rf emurf emurf e m u rf emurf emurf emurfemurf emurf emurf emurfemurfemurf emurf e m u rf e m u rf e m u rf e m u rf e m u rf e m u rf e m u rf e m u rf emurf emurf emurf emurkidneykidneykidneykidneykidneykidneykidneykidneykidneykidneyk idneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidney

2.42.72.52.52.7
4.36.54.87.04.1

19.518.016.519.5
15.0
3.8
3.7
5.5
4.021.514.512.511.014.510.028.024.017.524.028.5
6.5
4.8
5.5
4.6
2.8

12.5
4.0

18.511.5
14.5
19.0
23.0
18.0
21.520.00.30.50.5
48.0
73.030.0
44.0
49.0

120.0
150.0120.0110.0140.0
340.0370.0
560.0360.0L V A L U E ! Miss ing74.0110.0100.089.0L V A L U E ! Missing370.0340.0230.0410.0410.0950.0920.0530.0
580.0
750.0
140.0
84.088.0100.043.0



p i g number s a m p l e g r o u p material adminis tered dosage q u a l i f i e r result d a y M A T R I X Adju s t ed Value ( ) * N o t e s
301
318352
356
358309330351353359325337360
311326338343349304307312314350302303322
327
342313328
329
333348317324
340
341
354
321332
335355363305306
316320347
301318
352
356
358309
330
351353
359
325
337
360

VB-03-0781
VB-03-0779
VB-03-0794
VB-03-0767
VB-03-0772
VB-03-0792
VB-03-0754VB-03-0766VB-03-0799VB-03-0801VB-03-0782VB-03-0756VB-03-0795
VB-03-0702
VB-03-0717VB-03-0728VB-03-0701VB-03-0713VB-03-0708VB-03-0746VB-03-0744VB-03-0722VB-03-0706VB-03-0720VB-03-0743VB-03-0735VB-03-0724VB-03-0710VB-03-0727VB-03-0703VB-03-0742
VB-03-0721

VB-03-0734
VB-03-0736VB-03-0718VB-03-0715VB-03-0719
VB-03-0723
VB-03-0749VB-03-0704
VB-03-0716
VB-03-0740VB-03-0726VB-03XI733
VB-03-0748
VB-03-0730
VB-03-0741
VB-03-0711
VB-03-0709VB-03-0729
VB-03-0731
VB-03-0751
VB-03-0747
VB-03-0738
VB-03-0737
VB-03-0725VB-03-0732
VB-03-0712
VB-03-0705
VB-03-0739VB-03-0750

8
888899999101010
1111
1222223333
3
4
4
4
4
4
5
5
5
5
5
6
6
666
7
7
7
7
7
8
8
8
8
8
9
9
99
9

10
10
10

Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2Site 2ControlControlControl
PbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcPbAcS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS i t e lS t e 1S i t e lS i t e lSite 2Site 2Site 2Site 2S i t e 2Site 2Site 2Site 2Site 2Site 2S i t e 2Site 2Site 2Site 2Site 2ControlControlControl

225225225225225500
5005005005000 <0 <0 <

252525
25257575
75
75
75

225
2252252252257575

75
75
75225225225225225500500500500500757575
75
75

225
225
225
225225500500500
500
500

0 <
0
0 <

35.0
54.022.028.058.0100.054.056.064.01.01.01.0
8.712.09.710.08.631.020.020.016.032.054.089.070.049.0100.09.018.013.014.014.088.086.0

47.0110.061.0180.0160.0130.0130.0
96.018.014.015.0
15.0
11.0
40.0
76.0
70.035.060.0120.0230.097.089.0120.01.01.0
1.0

1515
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
1515

kidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneykidneyliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliverliver

350.0 •L V A L U E ! Miss ing540.0220.0280.0580.01000.0540.0560.0640.05.05.05.0
87.0
120.0
97.0
100.0
86.0310.0200.0200.0160.0320.0540.0890.0700.0490.0

1000.0
90.0180.0130.0140.0140.0880.0860.0470.01100.0610.0

1800.01600.0
1300.0
1300.0960.0180.0
140.0
150.0
150.0
110.0
400.0
760.0
700.0
350.0600.0
1200.0
2300.0
970.0
890.0
1200.0

5.0
10.0
5.0

Non-detec t s evaluated using 1/2 the quantitation l i m i t . Laboratory results (ug/L) converted to tissue concentrations by d i v i d i n g by s a m p l e d i l u t i o n fa c t or s of0.1 kg/L (liver, k idney) or 2 g/L (ashed bone). Rnal units are ug P b / k g wet weight (liver, k idney) or ug Pb/g ashed bone ( f e m u r )



T A B L E A - 8 S U M M A R Y O F E N D P O I N T O U T L I E R S
J Selec ted Outliers

test target Actua l
material dosage Dose* group pig#
PbAc 25 24.87 1 311
PbAc 25 25.71 1 326
PbAc 25 23.68 1 338
PbAc 25 29.71 1 343
PbAc 25 25.86 1 349
PbAc 75 71.55 2 304
P b A c 75 81.04 2 307
PbAc 75 84.25 2 312
P b A c 75 78.61 2 314
PbAc 75 74.31 2 350
PbAc 225 245.25 3 302
PbAc 225 214.61 3 303
PbAc 225 226.51 3 322
PbAc 225 244.91 3 327
PbAc 225 234.34 3 342
TM1 75 74.00 4 313
TM1 75 78.38 4 328
TM1 75 79.96 4 329
TM1 75 81.93 4 333
TM1 75 71.79 4 348
TM1 225 238.91 5 317
TM1 225 248.21 5 324
TM1 225 229.97 5 340
TM1 225 244.68 5 341
TM1 225 198.39 5 354
TM1 500 534.79 6 321
TM1 500 506.85 6 332
TM1 500 475.24 6 335
TM1 500 536.63 6 355
TM1 500 511.79 6 363
TM2 75 79.95 7 305
TM2 75 74.54 7 306
TM2 75 79.36 7 316
TM2 75 78.01 7 320
TM2 75 73.80 7 347
TM2 225 237.88 8 301
TM2 225 230.40 8 318
TM2 225 219.81 8 352
TM2 225 236.32 8 356
TM2 225 257.11 8 358
TM2 500 484.95 9 309
TM2 500 517.72 9 330
TM2 500 499.96 9 351
TM2 500 561.96 9 353
TM2 500 493.10 9 359
Control 0 0.00 10 325
Control 0 0.00 10 337
Control 0 0.00 10 360

M E A S U R E M E N T E N D P O I N T
Blood

17.8
29.3
25.8
22.3
28.6
58.1
46.2
67.9
40.4
48.2
104.2
102.4
125.8 |b
99.1

104.3
34.4
29.2
50.2
55.8
50.5
91.6
103.4
67.1
124.3
108.8
152.6
118.2
104.1
158.4
116.2
49.9
50.4
43.6
43.2
26.1
87.0
93.5
122.8
63.9
103.8
138.4
144.7
108.2
135.7
138.0
10.5
7.5

12.5

Femur
2.4
2.7
2.5
2.5
2.7

4.25
6.5

4.75
7

4.1
19.5
18

16.5
19.5
15

3.75
3.65
5.5

3.95
21.5 |b
14.5
12.5
11

14.5
10
28
24

17.5 b
24

28.5
6.5

4.75
5.5
4.6
2.8
12.5

4 b
18.5 b
11.5
14.5

19
23
18

21.5
20

0.25
0.5
0.5

Liver
87
120
97
100
86
310
200
200
160
320
540
890
700
490

1000
90
180
130
140
140
880
860
470
1100
610
1800
1600
1300
1300
960 |b
180
140
150

. 150
110
400
760
700
350
600

1200
2300 |b
970
890
1200

5
10
5

Kidney
48
73
30
44
49
120
150
120
110
140
340
370
560 |b
360

Missing
74
110
100
89

M i s s i n g
370
340
230
410
410
950
920
530
580
750
140
84
88
100
43.
350

M i s s i n g
540
220
280
580

1000 Jb
540
560
640

5
5
5

a a priori out l i er determinations (none selected in this s tudy)b Outside 95% Prediction I n t e r v a l sc Profes s ional j u d g e m e n t - Response was lower than that seen in next lowest dose group



T A B L E A - 9 Best Curve F i t Paramet er s

BLOOD
PbAc Curve -
ab
cdR2

Untreated Curve -
abcdR2

P-treated Curve -
abcdR2

BONE
Exp PbAc Curve -

9 ab141.9 c0.0046 d0.971 R2

Exp Untrea t ed Curve -
9 ab141.9 c0.004 d0.905 R2

Exp P-treated Curve -
9 ab141.9 c0.0039 d0.931 R2

Equations Used
EXP Y=a+c*(1-exp(-d*do s e))
L I N Y=a+b*dose

Linear
0.75

0.071

0.973

E X P
0.750.049

0.981

Linear
0.750.04

0.961

L I V E R
PbAc Curve • Linear
a 10.9b 3.01cd
R2 0.842

Untreated Curve - Exp
abcd
R2

10.9
2.96

0.935

P-treated Curve - Linear
abcdR2

10.9
2.096

0.901

K I D N E Y
PbAc Curve -
abcd
R2

Untrea t ed Curve •
abcdR2

P-treated Curve -
abcdR2

Linear
9.81.48

0.979

Exp
9.8

1.44

0.909

Linear
9.81.16

0.89



TABLE A-10 Relative B i o a v a i l a b i l i t y of Lead in T e s t Mater ia l s

E n d p o i n t
Blood
LiverK i d n e yBone

Test MaterialT M 1
0.87
0.98
0.97
0.69

T M 2
0.85
0.70
0.78
0.56

Defini t i ons
P l a u s i b l e Range:
Pre f erred Range:
Sugge s t ed Point Est:

RBA(Blood) to mean RBA for T i s s u e s
R B A ( B l o o d ) t o (RBA(Blood) + R B A ( T i s s u e s ) ) / 2
1 / 2 ( R B A ( B l o o d ) + ( R B A ( B l o o d ) + R B A ( T i s s u e s ) ) / 2 )

Relative B i o a v a i l a b i l i t y

P l a u s i b l e RangePreferred RangePoint Estimate

T M 1
0.87
0.87

0.87
0.88
0.88

T M 2
0.85 0.68
0.85 0.76

0.81

A b s o l u t e B i o a v a i l a b i l i t y

P l a u s i b l e RangePreferred RangePoint Estimate

T M 1
43%
43%

44%
44%
44%

T M 2
42% 34%
42% 38%

40%



T A B L E A - 1 1 I N T R A L A B O R A T O R Y D U P L I C A T E S
RPD = Rela t iv e Percent D i f f e r e n c eRPD = 1 0 0 * [ O r i g - D u p ] / ( ( O r i g + D u p ) / 2 Non de t e c t s eva lua t ed at 1/2 DL

Pig number
349
335
330
350342
320
358
351
325
318
337
360348
330
359322
320
351
307
302347
349
342
355332
305
309305
309
332
321
340
347342
358
359

g r o u p material adminis tered dosage1
69
23
7
89108

101049937
9
2
3
71
3
6
6
79
79
66
5
7
3
89

PbAcS i t e lS i t e 2PbAcPbAcSite 2Site 2Site 2ControlSite 2ControlControlS i t e lSite 2Site 2PbAcSite 2Site 2PbAcPbAcSite 2PbAcPbAcS i t e lS i t e lSite 2Site 2Site 2S i t e 2S i t e lSite 1S i t e lSite 2PbAcSite 2Site 2

2550050075225
75225500
0225
0075500500

225
75

500
75225
75
25225

500
500
75500
75

500
500
500
225
75225

225
500

day
00
01112223335
5
5
7
7
7
9
9
9

12
1212
15
1515
15
15
15
15
1515
15
15
15

matrix D u p l i c a t e Value*
Blood
BloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBloodBlood I
BloodBloodBloodBloodBloodBloodBloodBloodBloodf e m u rf emurf e m u rk i d n e ykidneykidneyl i v erl iv erl iv er

0.50.50.52.0
2.0
2.0
5.5
3.9
0.5
3.9
1.0
1.0
2.0
8.3
8.0
7.8
1.9
4.5
8.3
2.2
3.8

12.3
15.2
14.14.4
13.0
6.0

20.0
23.0280.0

240.0
52.0750.0

560.0
1400.0

Original Value*
0.5
0.5
0.5
2.0
1.0
1.0
5.0
3.9
0.5
3.5
0.5
0.5
2.2
7.97.48.12.5
3.7
7.8
1.7
2.912.0

13.614.6
5.7

13.1
6.5

19.0
24.0

950.0
230.043.0
1000.0
600.0
1200.0

Average
0.5
0.5
0.52.0
1.5
1.55.33.90.53.7
0.80.8
2.18.17.78.02.2
4.1
8.1
2.03.4

12.2
14.4
14.4
5.113.1
6.3

19.5
23.5615.0

235.0
47.5875.0
580.0
1300.0

R P D A v g R P D
0%
0%
0%
0%

-67%
-67%
-10%
0%
0%

-11%
-67%
-67%
10%
-5%
-8%
4%

27%
I-20%

-6%
-26%
-27%
-2%

-11%3%
26%
1% -12%
8%
-5%
4% 2%

109%
-4%

-19% 29%
29%
7%

-15% 7%

BLOOD

F E M U R

K I D N E Y

L I V E R
V a l u e s d e t ermined to be ou t l i e r s (Orig ina l = 6.5; D u p l i c a t e = 28.7)



T A B L E A-12 C D C S T A N D A R D S

S a m p l e ID Day Q
3.1 0
3.1 1
3.1 3
3.1 5
3.1 12
3.2 1
3.2 2
3.2 15
3.3 0
3.3 2
3.3 3
3.3 5
3.3 7
3.3 7
3.3 9
3.3 9
3.3 12
3.3 15

Avg

Measured*
Low Std

2.0
2.0
1.0
2.1
2.7

2.0

Med Std

3.9
3.6
3.5

3.7

H i g h ^ S t d

14.0
14.0
14.9
8.2

13.7
13.4
14.7
14.3
14.4
14.1
13.6

N o m i n a l
Low Std

1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7

Med Std
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8

H i g h S t d
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9



tO

I —
-4

FIGURE A-1 P b A c G r o u p s by Day
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F I G U R E A - 2 U n t r e a t e d G r o u p s b y D a yRaw Data
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F I G U R E A - 3 P-treated G r o u p s
Raw Data
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F I G U R E A - 4 B E S T F I T CURVE W I T H . 9 5 % P R E D I C T I O N I N T E R V A L S
(generated using T a b l e Curve 2D v. 3.0. Outliers represented by "+"

P b A c - A U C
Rank 2 Eqn 8001 [UDF 1] y = A U C ( a )

r2=0.971143 DF Adj r2=0.9692192 F i t S t d E r r = 5 . 9 8 2 0 5 9 2 Fstat=538.45812
140

0 100 150DosePbAd 200 250

Rank 2 Eqn 8001 [UDF 1] y = A U C ( a )
r2 Coe f Det
0.9711429962

DF Adj r 2

0.9692191960
Fit Std Err -
5.9820591731

F - v a l u e
538.45811828

F a r m V a l u e Std Error t-value 95% C o n f i d e n c e L i m i t s
a 0.004602252 0.000215463 21.35986735 0.004-144553 0.005059950

DateJan 9, 2001 T i m e
3 : 0 1 : 1 6 P M

F i l e SourceC L I P B R D . W K 1



F I G U R E A - 5 - B E S T F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S
(generated using T a b l e Curve 2D v. 3.0. Outliers represented by "+"

PbAc-Bone
Rankl Eqn 8017 [UDF 3] y=LJNFORCE(a)

^=0.9729649 DF Adj ^=0.9712752 F i t S t d E r r = 1 . 1 4 7 0 9 3 3 Fs ta t=611 .81208 .
30

25--

20
O
<-Q-

oen 10

5-

100 200D o s e P b A d 300

Rank 1 Eqn 8017 [UDF 3] y = L ! N F O R C E ( a )
r 2 Coef Det DF Adj r 2 . Fit Std Err F-value
0.9729648960 0.9712752020 1.1470933295 611.81208007

F a r m V a l u e Std Error t-value 95% C o n f i d e n c e Limi t s
a 0.071267046 0.002185359 32.61113966 0.066650512 0.075883581

Date
Feb 9, 2001

T i m e
12:58:45 PM

F i l e Source
C L I P B R D . W K 1



F I G U R E A - 6 B E S T F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S
(generated using Table Curve 2D v. 3.0. Outliers represented by "+"

P b A c - Liver
R a n k l Eqn 8017 [UDF 3] y=LINFORCE(a)

r2=0.84202407 DF Adj r2=0.83215058 F i t S t d E r r = 1 2 0 . 7 8 9 2 8 F s t a t = 9 0 . 6 1 1 3 3 3
1250

0 50 100 150DosePbAd 200 250

R a n k l Eqn 8017 [UDF 3] y=LINFORCE(a)
r2 Coe f Det0.8420240733 DF Adj r 2

0.8321505779 Fit Std Err120.78927910 F - v a l u e90.611332677
F a r m V a l u e Std Error t-value 95% C o n f i d e n c e L i m i t s
a 3.011262498 0.230118969 13.08567700 2.525140049 3.497384948

DateJ a n 15,2001 T i m e9:58:31 AM F i l e SourceC L I P B R D . W K 1



F I G U R E A - 7 BEST F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S
(generated using T a b l e Curve 2D v. 3.0. Outliers represented by "+"

P b A c - Kidney
Rank 1 Eqn 8017 [UDF3] y = L ! N F O R C E ( a )

r2=0.97924659 DF Adj r2=0.9777642 F i t S t d E r r = 1 7 . 8 9 8 2 3 8 Fstat=707.77282

50 100 150DosePbAd 200 250

R a n k l Eqn 8017 [UDF 3] y=LINFORCE(a)
r 2 C o e f D e t D F A d j r 2 F i t S t d E r r F - v a l u e
0.9792465910 0.9777642047 17.898237950 707.77282388
Parm V a l u e Std Error t-value 95% C o n f i d e n c e L i m i t s
a 1.475620344 0.042454579 34.75762545 1.385388352 1.565852335

DateJ a n 15,2001 T i m e10:00:26 AM F i l e SourceC L I P B R D . W K 1



F I G U R E A - 8 BEST F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S
(generated using T a b l e Curve 2D v. 3.0. Outliers represented by "+"

T M # 1 - A U C .
R a n k l Eqn 8009 [UDF 2] y=AUC NC(a)

r2=0.90451184 DF Adj r2=0.89854383 F i t S t d E r r = 1 5 . 5 9 5 4 5 7 F s t a t = 1 6 1 , 0 3 2 5 5
175

0 200 400D o s e S o i I 1 - 1 600

R a n k l Eqn 8009 [UDF 2] y=AUC NC(a)
r2 Coef Det
0.9045118438

DF Adj r 2

0.8985438341
Fit Std Err
15.595456570

F - v a l u e
161.03255068

F a r m V a l u e Std Error t-vaiue 95% C o n f i d e n c e L i m i t s
a 0.004003848 0.000411061 9.740274613 0.003135488 0.004872208

DateJan 9, 2001 T i m e3:01:41 PM F i l e Source
C L I P B R D . W K 1



F I G U R E A - 9 B E S T F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S
(generated using Tabl e Curve 2D v. 3.0. Outliers represented by "+"

T M # l - B o n e
Rankl Eqn8017 [ U D F 3 ] y = L I N F O R C E ( a )

^=0.98120086 DF Adj ^=0.97985807 F i i S t d E r r = 1 . 3 7 6 0 0 2 5 Fstat=782.90896'

200 400D o s e S o i I 1 - 1 600

R a n k l Eqn 80.17 [UDF 3] y = L ! N F O R C E ( a )
r^Coe fDet D F A d j r 2 F i t S t d E r r F-value
0.9812008628 . 0.9798580673 1.3760025073 782.90895873

F a r m V a l u e Std Error t-value 95% C o n f i d e n c e Limi t s
a 0.048897266 0.001238993 39.46533933 0.046263939 0.051530592

Date
Feb 9, 2001

T i m e
1:00:34 PM

F i l e Source
C L I P B R D . W K 1



F I G U R E A-10 B E S T F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S
(generated using Table Curve 2D v. 3.0. Outliers represented by."+"

TM#1 - Liver
Rank 1 - E q n 8017 [UDF 3] y=LINFORCE(a)

r2=0.93488562 DF Adj r2=0.93054466 F i t S t d E r r = 1 5 5 . 5 2 1 7 3 Fstat=229.72145

0 200 400D o s e S o i l 1 - 1 600

R a n k l Eqn8017 [ U D F 3 ] y = L I N F O R C E ( a )
r 2 C o e f D e t D F A d j r 2

0.9348856184 0.9305446597
F i t S t d E r r
155.52173092

F - v a l u e
229.72144606

F a r m V a l u e Std Error t-value 95% C o n f i d e n c e L i m i t sa 2.964784622 0.141156976 21.00345800 2.664930509 3.264638735
DateJan 15, 2001 T i m e9:59:06 AM F i l e SourceC L I P B R D . W K 1



F I G U R E A - l 1 B E S T F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S
(generated using T a b l e Curve 2D v. 3.0. Outliers represented by "+"

TM#1 - Kidney
R a n k l Eqn8017 [ U D F 3 ] y = L I N F O R C E ( a )

r2=0.90891658 DF Adj,r 2=0.90284435 F i t S t d E r r = 9 5 . 2 5 1 1 4 2 F s t a t = 1 5 9 . 6 6 3 1 4
1000

200 400 600D o s e S o i l 1 - 1

R a n k l Eqn 8017 [UDF 3] y=LINFORCE(a)
r2 Coef Det
0.9089165776

DF Adj r 2

0.9028443495
Fit Std En-95.251142383 F - v a l u e

159.66314030
F a r m V a l u e S t d Error t-value ' 9 5 % C o n f i d e n c e L i m i t s
a 1.436303152 0.079279311 18.11699849 1.267893286 1.604713017

DateJ a n 15,2001 T i m e10:00:51 AM F i l e Source
C L I P B R E L W K 1



F I G U R E A-12 B E S T F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L SM U U J U l A 1Z
(geneiatedus ingTableCurve2Dv.3.0. Outliers represented by "4-

, T M # 2 - A U C
Rank 1 Eqn 8009 [UDF 2] y=AUC NC(a)

. r2=0.93103012 DF Adj r2=0.9267195 F i t S t d E r r = 13.17285 Fstat=229.48439
175
150
125

£ 100-oCOo 75
50-
25

0. 0 200 400D o s e S o i l 2 - 1 600

R a n k l Eqn 8009 [UDF 2] y=AUC NC(a)
r2 C o e f Det0.9310301163 DF Adj r 2

0.9267194985
Fit Std En-13.172849831 F - v a l u e

229.48439407
F a r m V a l u e Std Error t-vaiue 95% C o n f i d e n c e L i m i t s
a 0.003858687 0.000332455 11.60663730 0.003156381 0.004560993

DateJan 9, 2001 T i m e3:02:04 PM F i l e Source
C L I P B R D . W K 1



F I G U R E A-13 B E S T F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S
(generated,using T a b l e Curve 2D v. 3.0. Outliers represented by "+"

T M # 2 - B o n e
Rank 1 Eqn 8017 [UDF 3] y = L ! N F O R C E ( a )

^=0.96128686 DF Adj ^=0.95852163 F i t S t d E r r = 1 . 6 3 4 7 7 5 4 Fstat=372.4653

0 200 400D o s e S o i l 2 - 1 600

Rank 1 Eqn 8017 [UDF 3] y=LINFORCE(a)
r 2 Coef Det DF Adj r 2 Fit Std Err F-vaiue
0.9612868555 0.9585216309 1.6347754208 372.46529658
Parm V a l u e S t d Error t-value ' 9 5 % C o n f i d e n c e L i m i t s
a 0.039859551 0.001406598 28.33755021 0.036869999 0.042849103

Date
Feb 9, 2001

T i m e
1 : 0 1 : 5 5 P M

F i l e Source
C L I P B R D . W K 1



F I G U R E A-14 B E S T F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S
(generated using Table Curve 2D v. 3.0. Outliers represented by "+"
•\

- T M # 2 - L i v e r
R a n k l Eqn8017 [ U D F 3 ] y = L I N F O R C E ( a )

r2=0.90065167 DF Adj r2=0.89402845 F i t S t d E r r = 1 3 3 . 3 9 4 5 4 F s t a t = 145.04951
2500

0 200 400DoseSoil2-1 600

R a n k l Eqn 8017 [UDF 3] y = L ! N F O R C E ( a )
r2 Coef Det DF Ad] r2 Fit Std Err -
0.9006516700 0.8940284480 133.39453976

F-value
145.04951135

F a r m V a l u e Std Error t-value . 95% C o n f i d e n c e L i m i t sa 2.095646700 0.121234398 17.28590847 1.838113323 2.353180076
Date -
J a n 15,2001

T i m e
9:59:40 AM

F i l e SourceC L I P B R D . W K 1



F I G U R E A - 1 5 . BEST F I T CURVE W I T H 9 5 % P R E D I C T I O N I N T E R V A L S -
(generated using Tabl e Curve 2D v. 3.0. Outliers represented by "4-"

TM#2 - Kidney
Rank.1 Eqn8017 [ U D F 3 ] y = L l N F O R C E ( a )

r2=0.89039679 D F A d j r 2 = 0 . 8 8 2 5 6 ' 7 9 9 F i t S t d E r r = 7 9 . 0 9 1 4 6 5 F s t a t = 1 2 1 . 8 5 7 3 1
1100

cnn _ ___ _____._DUU ~ ~

200 400 600DoseSoii2-1

Rank 1 Eqn 8017 [UDF 3] y = L I N F O R C E ( a )
r 2 Coef Det DF Adj r 2 Fit Std Err F - v a l u e
0.8903967929 " 0.8825679924 79.091465332 121.85730922
F a r m V a l u e Std Error t-vaiue 95% C o n f i d e n c e L i m i t s
a 1.160730634 0.073575623 15.77602182 1.004354686 1.317106581

DateJan 15, 2001 T i m e10:01:29 AM F i l e SourceC L 1 P B R D . W K 1



APPENDIX B

W A S H I N G T O N GROUP M E M O R A N D U M



Washington
Technical Memorandum

To: Bonnie Lavelle
From: Kevin Williarnson
REF: RAC No. 6S-W7-0039, WA. No. 004-RICO-089R
Subje c t : VB/I-70 Bio-Availability Soil S a m p l e Preparation
Cc: M. Green, B. Movers, T. Hammonds

In support of The Vasquez Blvd,/1-70 (VB/I-70) risk assessment program, Washington Group
International (WGI) was tasked with preparing soil samples for a Bio-Availability study to be performedby EPA Region VIII toxicologists. Soil samples f rom various residential propert i e s were selected that
represent spec i f i c concentrations of lead, and arsenic. These soil samples were collected during Phase
EtlA and Phase UEB of the remedial investigation within the neighborhoods of Swansea, Elyria, Cole,
Claylon, and the southwest portion of Globevi l l e . Bonnie Lavel le (EPA) instructed WGI to prepare two
soil samples for this study representating the Western and Eastern neighborhoods. Soil samples were
selected based on previously determined lead (Pb) and arsenic (As) concentrations, as determined using an
EDXRF Quanx, and composited in accordance with the attached procedure (Attachment 1). On October
19, 200 twelve soil samples were selected for the East sample, and eight soil samples were selected for the
West sample. Based on remaining sample weights and previously measured concentrations, six soil
samples were combined to make the East sample, and f iv e soil samples were combined to make the W e s t
sample. The f o l l o w i n g sample IDs were used to make the East sample: 3-03583-B, 3-03588-B, 3-02387-
B, 3-08444-B, 3-08978-B, and 3-08979-B. U p o n composite of those samples the East sample was
designated 3-15621-B, The f o l l o w i n g sample IDs were used to make the West sample: 3-10740-B,
3-10318-B, 3-03910-B, 3-10734-B, and 3-10319. Upon composite of those s ampl e s the West sample was

designated 3-15628-B.
On October 20,2000, soil samples were dried in a laboratory oven at 105 C, bulk sieved with a 2-miu
screen, and f ine sieved with a 250-mm screen. Bulk and f i n e traction samples were spl i t for E D X R F , andTAL metals analysis via Induct ive ly Coupl ed Plasma Atonu'c Emission Spectroscopy (ICP) analysis. Twobio-availabil i ty test substances were produced consisting of 1.2 and 1.6 kilograms of the f ine frac t ion
composite soils. Test substance samples were relinquished under chain of custody to Syracuse ResearchCenter (SRC).
All arsenic and lead soil sample results and corresponding quali ty contra) sample result s arc summarised
in the attached tables. Tab l e 1 d i s p l a y s initial XRF screening results to insure study mandated
concentration levels. T a b l e 2 displays the bulk and f i n e sieved fractions also analyzed using XRF. T a b l e 3displays o f f - s i t e laboratory
ICP results, with laboratory data sheets included as Attachment 2. Analytical results indicate that theaverage lead concentrations of the East test substance are 723 mg/kg (ICP) and 788 mg/kg (XRF).Average lead concentrations for the West test substance are 1050 m g / k g (ICP) and 987 mg/kg (XRF).Intra-sample variability is low with the except ion of the bulk frac t ion ICP results.



T a b l e 1

Location
West
Wes tWest
EastEast

Frac t i on
Bulk ( S c r e e n )Bulk (Screen)Bulk (Screen)
Bulk (Screen!Bulk (Screen)

S a m p l e I D
3-1562B-B
3-15628-B
3-15628-B
3-1 5621 -B
3-1 5621 -B
N l S T 2 7 l i

ParentS a m p l e I D
3-15628-B
3-15628-B3-1S628-BAverage
3-1 5621 -B
3-15621-BAverage

Results (mjArsenic
30
2330r 28
27
10
19
8S

I / K g )
Lead
908
764
823
832639658
649

1 1 S O

ICP Resul
Arseni c

•- - - •

" ? _ f c » f l 3 a j LLead
.....

•

..... .... ....

D a l e / T i m e Analyzed
1 0 / 1 9 / 2 0 0 0 @ 1207
1 0 / 1 9 / 2 0 0 0 ® 1207
1 0 / 1 9 / 2 0 0 0 @ 1207
10/19/2000 @ 1207
1 0 / 1 9 / 2 0 0 0 ® 1207
10/19/2000 @"1207"



T a b l e 2
Location

West
WestWestWestWestWestWestWestWest
WestWestWestWestWestWestWestWes tWest

• • • • - — — • • •
East"""East
East
EastEast
East
EastEast
East
East
East""EastEastEastEastEastEast

Fraction
Bulk
BulkB u l kBulk"""
BulkBulkBulkBulkB u l k
F i n eF i n eF i n e
F i n e
F i n eF i n eF i n eF i n eF i n e

.. ... .......

Bulk"""BulkBulkBulkBulkBulkB u l kBulkBulk" ~
F i n eF i n eF i n eF i n eF i n eF i n eF i n eF i n eF i n e

S a m p l e I D
3-15628-B1
3-15628-B23-15628-B3
3-15628-B4
3-15628-B5
3-15628-B6
3-15628-B7
3-15628-B83-15628-B9
3-15628-F1
3-15628-F2
3-15628-F33-15628-F4
3-15628-F5
3-15628-F6
3-15628-F7
3-15628-F8
3-15628-F9

N I S T 2 7 1 1
3-1 5621 -BT3-1 5621 -B2
3-15621-B3
3-1 5621 -B4
3-1 5621 -B5
3-1 5621 -B6
3-1 5621 -B7
3-15621-88
3-1 5621 -B9
3-1 5621 -F1
3-1 5621 -F2
3-1 5621 -F3
3-15621-F4
3-1 5621 -F5
3-1 5621 -F63-1 5621 -F7
3-1 5621 -F8
3-1 5621 -F9

N I S T 2 7 1 1

ParentS a m p l e
3-15628-B
3-15628-B
3-15628-B
3-15628-B
3-15628-B
3-15628-B
3-15628-B
3-15628-B
3-15628-BAverage
3-15628-F
3-15628-F
3^15628-F
3-15628-F
3-15628-F
3-15628-F
3-15628-F
3-15628-F
3-15628-FAverage

3-1 5621 -B
3-1 5621 -B3-1 5621 -B
3-1 5621 -B
3-1 5621 -B
3-1 5621 -B
3-1 5621 -B
3-1 5621 -B
3-1 5621 -BAverage
3-15621-F
3-1 5621 -F
3-15621-F3-15621-F
3-15621-F
3-15621-F
3-15621-F3-1 5621 -F3-15621-F
Average

Resu l t s (m
Arsenic

30
22
31"""13
4$"""

""""26 ""..... .̂
31
25
27
35
27
27
19
32
41
22
17
23
27

....... 99..... ._
30
26
26
24
25
21
27
29
10
24
9

17
H " " " "
18
17
16
33....... ...^
16
18
96

g / K g )Lead
983

1001
1038
978
960
898'998

1001
857
968
1062
1008
1059
1052
1078
1095
10081022
1062
1050
1169
722
721
685
746
746
764
840
702
694
736
839
780
774
765
770
750827
804
787
788

1168

I C P Resul t s ( m g / K g )
Arsenic

. ... . ......

...

Lead

. . ... ...

. .....

D a t e / T i m e Analyzed
10/19/2000 © 1 8 5 1
10/19/2000 ® 1851
1 0 / 1 9 / 2 0 0 0 ® 1851
1 0 / 1 9 / 2 0 0 0 ® 1851
10/19/2000 @ 1851
10/19/2000 ©1851
10/19/2000 @ 1851
10/19/2000 @ 1851
1 0 / 1 9 / 2 0 0 0 ® 1851
10/19/2000® 1851
10/19/2000 @ 1851
1 0 / 1 9 / 2 0 0 0 ® 1851
10/19/2000 @ 1851
10/19/2000 @ 1851
1 0 / 1 9 / 2 0 0 0 ® 1851
10/19/2000 @ 1851
10/19/2000 © 1 8 5 1

' 10/19/2000 @ 1851
10/19/2000 @ 1851
1 0 / 1 9 / 2 0 0 0 ® 1549
10/19/2000 @ 1549
10/19/2000® 1549
10/19/2000 @ 1549
10/19/2000 @ 1549
10/19/2000 @ 1549
10/19/2000 @ 1549
10/19/2000 @ 1549
10/19/2000 @ 1549
1 0 / 1 9 / 2 0 0 0 @ 1549
10/19/2000 @ 1549
10/19/2000 @ 1549
1 0 / 1 9 / 2 0 0 0 ® 1549
1 0 / 1 9 / 2 0 0 0 @ 1549
10/19/2000 @ 1549
10/19/2000 @ 1549
1 6 / 1 9 / 2 6 0 6 ® 1549
10/19/2000 @ 1549
1 0 / 1 9 / 2 0 0 0 @ 1549



T a b l e s

Location
West
WestWest
WestWestWest
EastEastEast
EastEastEast

Fraction
BulkBulkBulk
F i n eF i n eF i n e
BulkBulkBulk
F i n eF i n eF i n e

S a m p l eI D
3-15703-B
3-15704-B
3-15705-B
3-15700-F
3-1 5701 -F
3-15702-F
3-15622-B
3-15623-B
3-15624-B
3-15627-F
3-15629-F
3-15630-F

Parent
S a m p l e

3-15628-B
3-15628-8
3-15628-B
3-15628-F
3-15628-F
3-15628-F
3-1 5621 -B
3-1 5621 -B
3-1 5621 -B
3-1 5621 -F
3-1 5621 -F
3-1 5621 -F

Resul t s ( m g / K g )Arsenic f Lead

... . .. Average

Average

Average

Average

I C P Resul
Arsenic

10
9

10
10
26
25
24
25
10910
10
19
19
20
19

t s ( m g / K g )Lead
900
370
400
557
970

1000
990
987
610

1100
620
777
700
710
760
723

D a t e / T i m e Analyzed
10/23/00
10/23/00
1 0 / 2 3 / 0 0
10/23/00
10/23/00
10/23/00
10/23/00
10/23/00
10/23/00
10/23/00
1 0 / 2 3 / 0 0
1 0 / 2 3 / 0 0



A T T A C H M E N T 1
B I O - A V A I L A B I L I T Y S A M P L E P R E P A R A T I O N PROCEDURE



B I O - A V A I L A B I L I T Y S O I L S A M P L E P R E P A R A T I O N PROCEDURE
OCTOBER 2000

RE: R A C N o . 68-W7-0039, W A N o . 004-RTCO-089R (VB/1-70 O U l )
O B J E C T I V E S ;1, Produce two f ine sieved, composi te soil sample s for use EPA's use in a pig study
containing relatively high levels of lead and low level s of arsenic. If po s s i b l e , one sample should
be representative of COLE (and FIVE POINTS) neighborhood soils and one representative of
C L A Y T O N (and S W A N S E A ) soils .

2. Measure concentrations and variabil i ty of both the f i n e f rac t i on and bulk f r a c t i o n of the
composi te using both XRF and ICP.
C O N T A C T S :
Bonnie Lavelle
303/312-6579 ,303/898-8465
Chris Weis
303/312-6671, 720/320-6254 (ceH), 800/759-8888 #1083306 (pager)
Tracy Hammond, SRC
303/713-9549
PROCEDURE
I . I d e n t i f y S a m p l e s f o r Compos i t ing
1. Evaluate list of candidate sample s and minimum quantity provided by Tracy along with
neighborhood data. Group by 2 neighborhoods WEST and EAST (and other - may not want to
include G l o b e v i l l e or Elyria for this study). Cal cu la t e average concentration - consult Bonnie if
concentration is too low based on Tracy's mass requirements (target 1100-1200 ppm l e a d ) ; or
eliminate samples from consideration that bring the average down.
2. N o t e that mass of each composi te needed is for Tes t Subs tance per Tracy's table, PLUS
50 grams, plus 18 XRF samples, p lu s 6 ICP samples, and p lu s some if po s s ib l e for archive.
3. Retrieve sample s from archive for each group.
4. Weigh raw samples; Re-evaluate relat ive contribution (compo s i t e de s ign) of s ampl e s
(maximize volume of higher Pb concentration sampl e s) in order to achieve targe t /h igh Pb
concentration in composite. If mass is inadequate to generate W E S T and EAST compos i t e s ,
consult EPA for guidance on alternative approach targeting 2 d i f f e r e n t concentration l e v e l s ,
I I . Prepare C o m p o s i t e
1. Weigh out p o r t i o n s / a l l of the raw sampl e s per composite design and composi te into the
two Raw samples. Label each uniquely 3 - X X X X X - R . Homogenize very well.



2. T h o r o u g h l y dry each raw s a m p l e , Bulk sieve each entire compos i t e; Label with s a m p l e
IDs (-B).
3. Prep one XRF cup for each -B and screen by XRF - confirm adequate sample mass for
each composite. If mass is low, dry and bulk sieve add i t i ona l soil ( f r o m a p p r o p r i a t e EAST or
WEST group), re-homogenize, and re-screen -B.
4. Reserve -B sample quantities adequate for 9 XRF sample s and 3 ICP samples.
5. Fine sieve (60 mesh) remaining -B sample mass to produce the two composite -F samples ,
IH. Spl i t S a m p l e s - Bulk1. Split each -B composite into 3 uniquely i d e n t i f i e d sample s and ship for ICP analysi s of all
EPA Target Analyte List metals (std or 48-hour turnaround **BONNIE: may be easier to submit
all for quick turnaround to enable c o m p l e t i o n of this task next week, rather than get a separate
data package in 3+ weeks).
2. Grind / cup 9 aliquots (original sample ID 3 - X X X X X - B l --> B9 *** BONNIE: does
this have to be blind to the XRF analyst? If so, assign unique sample IDs) for XRF analysis
I V . S p l i t S a m p l e s - F i n e
1. Split each -F composite into 3 uniquely id en t i f i e d samples and ship for ICP analysis of allEPA Target Analyte List metals (48-hour turnaround)
2. Grind / cup 9 aliquots for each (original sample ID 3 - X X X X X - F 1 --> F9 *** BONNIE:
does this have to be blind to the XRF analyst? If so, assign unique sample I D s ) for XRF analysi s
3. Split each remaining -F compos i t e into a 50-gram sampl e ( f o r phys ical t e s t ing), a required
mass of Tes t Substance, and any remaining quantity for archive; ALL with same original -F
sample ID.
4. T r a n s f e r S a m p l e consisting of 50-gram and T e s t Substance por t ions to Tracy Hammond
(phone her for a p i ck-up) under COC.
VI XRF Analysis / Reporting
1, Analyze 9 - B and 9 -F sample s f rom each compos i t e together along with NIST standardand blank.

V I I , Documentation
1. Produce a Technical Memorandum summarizing task, include: p r e p log/XRF instrumentlog/COCs/ICP data received; three copie s to Bonnie.
2. FAX ICP data to Bonnie, Chris and Tracy upon receipt.



B I O - A V A I L A B I L I T Y S O I L S A M P L E P R E P A R A T I O N PROCEDURE
OCTOBER 2000

RE: RAC No. 68-W7-0039, WA No. 004-R1CO-089R ( V B / I - 7 0 OUI)
O B J E C T I V E S :1. Produce two f ine sieved, compos i t e soil sample s for use EPA's use in a pig study
containing relatively high levels of lead and low l eve l s of arsenic. If po s s i b l e , one sample should
be representative of COLE (and FIVE POINTS) neighborhood s o i l s and cme representat ive of
CLAYTON (and SWANSEA) soils.

2. Measure concentrations and variability of both the f i n e f ra c t i on and bulk frac t i on of the
composi te using both XRF and ICP,
C O N T A C T S :
Bonnie Lavel l e303/312-6579,303/898-8465
Chris Wei s
303/312-6671, 720/320-6254 (ce l l), 800/759-8888 #1083306 (pager)
Tracy Hammond, SRC
303/713-9549
PROCEDUREI . I d e n t i f y S a m p l e s f o r Compo s i t ing
1. Evaluate list of candidate samples and minimum quantity provided by Tracy along with
neighborhood data. Group by 2 neighborhoods WEST and EAST (and other - may not want toinclude G l o b e v i l l e or Elyria for this s tudy). C a l c u l a t e average concentration - consult Bonnie if
concentration is too low based on Tracy's mass requirements (target 1100-1200 ppm l e a d ) ; or
eliminate samples f rom consideration that bring the average down.
2. N o t e that mass of each compos i t e needed is for T e s t Substance per Tracy's table, PLUS
50 grams, p lu s 18 XRF sample s , p l u s 6 ICP sample s , and p lu s some if p o s s i b l e for archive.
3. Retrieve sample s from archive for each group.
4. Weigh raw samples; Re-evaluate relative contribution (composi te de s ign) of s ampl e s
(maximize volume of higher Pb concentration s a m p l e s ) in order to achieve t a r g e t / h i g h Pb
concentration in composite. If mass is inadequate to generate WEST and EAST compos i t e s ,
consult EPA for guidance on alternative approach targeting 2 d i f f e r e n t concentration l eve l s .

II Prepare Composite
1. Weigh out p o r t i o n s / a l l of the raw sample s per compos i t e des ign and compos i t e into the
two Raw samples . Label each uniquely 3 - X X X X X - R . H o m o g e n i z e very well .



2. T h o r o u g h l y dry each raw sample. Bulk sieve each entire compos i t e; Label with s a m p l e
IDs (-B).
3. Prep one XRF cup for each -B and screen by XRF - confirm adequate sample mass for
each composite. If mass is low, dry and bulk sieve add i t i ona l soil ( f r o m a p p r o p r i a t e EAST or
WEST group), re-homogenize, and re-screen -B.
4. Reserve -B sample quantit ie s adequate for 9 XRF sampl e s and 3 1CP samples .
5. Fine sieve (60 mesh) remaining -B sample mass to produce the two composite -F sample s .
I I I . S p l i t S a m p l e s - Bulk
1. Split each -B composi te into 3 uniquely i d e n t i f i e d sample s and ship for ICP analysis of all
EPA Target Analyte List metals (std or 48-hour turnaround **BONNIE: may be easier to submit
all for quick turnaround to enable comple t i on of this task next week, rather than get a s epara t e
data package in 3+ weeks).
2. Grind / cup 9 aliquots (original sample ID 3 - X X X X X - B 1 --> B9 *** BONNIE; does
this have to be blind to the XRP analyst? If so, assign unique sample IDs) for XRF analysis
I V . S p l i t S a m p l e s - F i n e
1. Split each -F composite into 3 uniquely id en t i f i e d s ampl e s and ship for ICP analysis of all
EPA Target Analyte List metals (48-hour turnaround)
2. Grind / cup 9 aliquots for each (original sample ID 3 - X X X X X - F I -> F9 *** BONNIE:
does this have to be bl ind to the XRF analyst? If so, assign unique sample IDs) for XRF analysis
3. Split each remaining -F composite into a 50-gram sample (for physical t e s t ing), a required
mass of Tes t Substance, and any remaining quantity for archive; ALL with same original -Fsample ID.
4. T r a n s f e r S a m p l e consisting of 50-gram and T e s t Subs tance por t i on s to Tracy Hammond
(phone her for a pick-up) under COC.
VI. XRF Analysis / Reporting
1. Analyze 9 - B and 9 *F sample s f r o m each composi te together along with NIST standardand blank,
V I I . Documentation
1. Produce a Technical Memorandum summarizing task, include: p r e p log/XRF instrument
l o g / C O C s / I C P data received; three copies to Bonnie.
2. FAX ICP data to Bonnie, Chris and Tracy upon receipt.
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T o t a l I C P M e t a l s
M e t h o d S W 6 0 1 0
S a m p l e Resul t s • ' ' ( / /

L^b N^nie: Paragon Analy t i c s . Inc.
Worh Ordar N u m b a r ! 0010156

C l i e n t f J a i r i e ; M o / i i s a o K n u d s e n Corpora l i o n
C l i o n l P f O j o c t I D : V B / I - 7 Q I I I B 4994

•fi^jc^-^i^ "" -••-'••'•}
.^:tai>"jii^oOioiss.i ;:

S a m p l e Malrii: S O I L
' / « Moisrure:0.2

Date C o l l e c t e d : 19-Oct.OO
Date EHracle<»:23.ac(-00
Oak A n a l y z e d ; So-Ocl-00

Prep &4lch: IPOD1023-1
Q C S a l c h l O : ! PoOt 023-1-1

R«ntD:IT001023-1A4
C l e a n u p : N O N E

Basis: Dry W e i g n t

S a m p l e Aliquot: 1 G
Final V o l u m e : 100 Mi,
Result Unite: M G V K G

File N a i r w : T s o i 023
C A S N O

M29-00-5
7-110 ' 3 6 - 0
7440-3S-2
7440-39.3
74-10-11-7
7 4 - W - 4 3 ' 9
7-?W"VO-2
74-10- 17-3
?.Via.<I8-4
7^^0-f:0-8
743S-8S-6
7439-32-1
74^-03-4
7430-90 .5
7440-02-0
7^^09-7
7762-49-2
7440-22-4
7440-23-5
7440-afl-O
y<wo-cz-2
7 4 4 0 - G f r G

T a r g e t A n a l y t e
A L U M I N U M
A N T I M O N Y
A f l S S N l C
B A R I U M
B E R Y L L I U M
C A D M I U M
C A I . C i U M
C H R O M I U M
C O B A J . T
COPPER
I R O N
L&RO

M A . C N M I U M
M A N G A N E S S
N I C K E L
P O T A S S I U M
S l f L E N I U M
situeR
S O D I U M
T t I A L L I U M
V A N A D I U M
Z I N C

D i l u t i o nF a c t o r
1
*
i
1
1
1
i
1

I
1,;

i
!
1
1
1
1
1
1
1
l |

......_. J i

R e s u l t

2900
1-6

: 96

130
033

1.B
3400

( 3
3.1
33

1 S Q O O
610

1100
230
0.5

840
1
1

140
1

9.9
3 0 f l

Repor t ingL i m i t
20
2
1

T O
0,5
O.S

100
1
1
1

10
03

100
1
2

100
O.S

I
100

1
1
2

M D L

O S 9
0,26
0.28

O.OtB
D.01S
0.01?

O.S4
0.047

0.05
0.032

0.8
0.14
0.73

0.025
0,076

5.3
027

0,063
0.2S
0,39

0.033
0.29

ResultQ u a l i f i e r

B

B

U

U

EPAQ u a l i f i e r

J

/

,

I

Data Package ID; IT001Q15&-1
Dale Prin t ed: T u e s d a y . October 24, 2000 Parsgan Analytics Inc.

U K 3 V O I i t f ^ . 1 M 3
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T o t a l I C P M e t a l s
M e t h o d S W 6 0 1 0
S a m p l e Resul t s

Lab N dme: paragon A n a l y t i c s , Inc.
W o r k Ord«f Number: 0010155

Client ttatna: Morrison Knuds en C o r p o r a t i o n
D; VO/1-701119 4994

' •£

r 3 ' 1 5 f i u - f l S a m p l e Msrtr ia; son,
% Moisture: 0.2

Date C o l l e c t e d : 19-Ocl-OD
D a l t f i r t f a e i B d : 23-OcJ-OO
Dale A n a l y s e d : J f l . O e t - 0 0

Prep Batch: IP001023.1
a C B a f e h l p : | P O O t Q 2 3 - M

R u n l D : l T O O l 0 2 3 - 1 A «
C l e a n u p : N O N EBasis: Dry Weight

S a m p l e A l i q u o t : 1 G
F i n a l V o l u m e : 1 0 0 M U
Result Units: M G / K G

F i l e Name: T S 0 1 0 2 3
C A S N O

7459 -90- 5
7440-36-0
741Q.3S-2
7440-33-3
7-W041-7
7 ' i 4 0 - J i 3 - 9
74.IO-70-2
7440-47-3rw-̂
7440-50' 8
743g-aO-6
7439.92-1
?4^5-flS-4
7439-9G-S
74.10-02-0
7 4 - i C i . « ) ' 7
77C2-49-2
7440-22--1
7ii-!Q.23-S
7<I40-2S-D
7-MO-62-2
7440-06.$

T a r g e t A n a l y t e
A L U M I N U M
A N T I M O N Y
A « S C N I C
B A R M
O C R Y L L 1 U M
C A O M l U V
C A L C I U M
C H « 6 M I U M
COBALT
C O P P S R
I R O N
V.EAO
M A G N E S I U M
M A N G A N E S e
N I C X C L
P O T A S S I U M
S E L E N I U M

S I L V E R
S O D I U M
T H A L L I U M
V A N A D I U M
Z I N C

D i l u t i o n
F a c t o /

1
1
1
1
i
1
1
1
I
i

•f

10
1
1
1

1
1
1
1
1

Result

2500
1.2
S.7

70D
0.28

22
4000

7,1
2.6
24

10000
1100
1200
260
4.S

780
0,68
0.32
140

1
9.3

540

R e p o r t i n g
L i m i t

20
2
1

10
D.S
O.S

100
11
1

io
3

100
5
2

100
0.5

1
100

1
1
2

MOL
0.69
0.26
0.2S

0.018
0.01 S
0.01 7

0.54
0,047

D.05
0,033

0,8
1.4

0,79
0.025
0.078

5.3
0,27

0.0$3
0.2S
0.39

0.033
0,29

Resu l t
Q u a l i f i e r

B

B

B
U

E P AQ u a l i f i e r i
— — — — — — i

I

/

Data Package ID: 170010156-1
Bale Punted: T u e s d a y , Oclober 2-1. 2000 Paragon Analytics Inc. Page S Of 12



T o t a l I C P M e t a l s
M e t h o d S W 6 Q 1 0
S a m p l e Resul t s

Lib Name: P a r a g o n A n a l y t i c s , Inc .
WorH Order N u m b e r ; 001015C

C l i e n t N J U n c : M o r r i s o f t K r H j d s & r i C o r p o r a t i o n
D ; V 8 / 1 - 7 P I I I B 4994

S a m p l e M a t r i x ; S O I L
% M o i s t u r e : 0.5

Date C o l l e c t e d : 19-Ocl-OO
Date BUrac l ed: 23-Oct-OQ
Data Analyze* 23-Ocf-OO

P r e p B < i ( c h : l P 0 0 1 023-1
Run ID: IT001023 .1 A4C l e a n u p ; N O N EBasis; Dry W e i g h t

S a m p l e A l i q u o t ; 1 G
Final Volume: 100 ML

Resul t U n i t s : M G / K G
F i l e N a m * ; T 3 0 1 0 2 3

C A S M O
7029-90-5
7410-35-0
7440-30-2
7440-39-3
7440-41-7
7 4 4 i } - 1 3 ' 9

j 7440-70..2
7440-47-3
7440.48-4
V / M O ' 5 0 - S
7 4 3 9 - 6 9 ' S
7-130-02-1
7«9-9S.4
7 - l 5 9 - f l $ - $
7 M ) . 0 2 - f j
7<MO-09-7
V ? f l 2 - J 9 - 2
7*W-?2.4
7440-234
7440-28.0
7-14Q.<J2-2
7 J 4 0 - 6 I 3 - 6

T a r g e t A n s l y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
El.\RiUM
B E R Y L L I U M
C A D M I U M
C A I C i l J M
C H R O M I U M
C O B A L T
C O P P E R
I R O M
L E A D

M A G N E S I U M
M A N G / \ N £ S E
N I C K E L
P O T A S S I U M
S E L E N I U M
S I L V E R T

S O D I U M
T H A L L I U M
V A N A D I U M

Z I N C ? I

D i l u t i o nF a c t o r
1
1

!

1
i\r ,
1i
1
1
ii
ii ,
ii
1i
ii
i
•

R e s u l t

J f l O O
Q.S7

9.S
130

0.34
2.2

4100
7.3zil
21

7700
520

1200
130
52

920
O . J 8
o.ir
160

1
10

300

R e p o r t i n g
L i m i t

20
2
1

10
0.5
0,5

100
1
1
1

10
0.3

100
1
2

100
0.5

1
100

1
1
2

M D L

0,59
0,27
0.28

0.01B
0.015
0.017

O.S4
0.045

O.OS
0.032

0.8
0,14
0.79

0.025
0,078

5.3
0.27

0.063
0.25
0.39

0.033
0.29

Rocul tQ u a l i f i e r

B

B

B
B

U

ERA
Q u a l i f i e r

;

-1

!

r

Data Package ID: ITOOW1S6-1
Dale P r i n t e d : T u e s d a y , October 24,2000 Pzfzgon Analytics Inc.

(iMi VuiMsn- 1.5C2
P a g e 6 of



T o t a l I C P M e t a l s
M e t h o d S W 6 0 1 0
S a m p l e R e s u l t s

Ub name.: Puragon Aruilytics. Inc.
W o r t < Order N u m b e r ; 0 0 1 0 1 S S

C l i e n t N a m e : M u f r l s o n Knudsen C o r p a r a t i n n
V B / I - 7 Q J U B 4 3 9 4

. o i o s w
S a m p l e M * i r i x ; S O I L

% Moisture: 0 S
Ditc C o l l e c t e d ; 19-Ocl-OO
Dale Ex trac t ed: 23-Qct 00
Date Analyzed: 23-Oci.OO

Prep Batch; 1P001023-1
Q C B » U h l D : I P 0 0 1 0 2 3 - 1 - 1

R u n I D : I T 0 0 1 0 2 3 - 1 A 4
C l e a n u p : M O N £

B a c t * ; P r y W » l g h t

S a m p l e A l i q u o t ; 1 G
Pin«| Volume; 1 0 0 M L

R u s u t t Uni t s : M G / K G
F i l e M « H K » ; T S 0 1 0 2 3

C A S N Q

7429-DO-5
744D-3fi-0

. 7440-35-2
7440-39.3
7440-41-7
74-KM3-0
V44Q.70-2

(7440-47-3
f4<to«!6-4
7440-50 .s
7430 . CO- B
7439-OM
7439 QS.4
7439-3e-5
7*4002-0
7440-09-7
7732-«X2
7440-22-4
7440-23-S
7-140 2S 0
7-140-EJ-2
7440-66-6

T a r g e * A n a l y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M
U f - H Y L L W M
C A D M I U M
C A L C I U M
C H R O M I U M
C O B A L T
C C P P C R
I R O N
L E A D

M A G N E S I U M
M A N G A N E S E
N I C K E L
P Q 1 V M S I U M
S E L E N I U M
S I L V E R
S C O I U M
T H A L L I U M
V A N A D I U M

2 I N C

D i l u t i o nF a c t o r
i
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
1
1
1
1

Resul t

7000
1.6
19

200
0,7 1

5,4esoo
21

6.4
71

1600D
700

2400
360

12
2600

1
0 6 S
260 i

1»i
G 2 0 J

R e p o r t i n gL i m i t
2Q

X
1

10
0.5
0.5
100

1
1
1

10
0.3
100

1
2

100
0,5

1
100

1
1
2

M D L

053
0,27
0.28

0.018
0.015
0.017

0.54
0.048

0,05
0.032

0,8
0,14
0.79

0,025
0.073

5,3
0.27

0.063
D.25
0.39

0,033
0,29

R e s u l tQ u a l i f i e r

s

3

U

E P AQ u a l i f i e rM 1 1
— — — — — —
" ' " " ' " • • " ' — — — 1

I

i

-:— H
iiI

Data Package ID: ITOQ1Q1S6-1
Date P r i n t e d : T u e i i d a y , Oclahur 24,2000 Paragon Analytics inc.

mf«n. i ma
Page 7 o f 1 J



T o t a l 1 C P M e t a l s
M e t h o d S W 6 0 1 0
S a m p l e R e s u l t s

L i b Nairn; Paragon A n a l y t i c s . I n c .
W o r k Ordur N u m b e r : 00(0156

C l i c i r t Name: Momson K n u d s o n C o r p o r a t i o n
C l i e n l P r t j e c t I D : V B / l - 7 0 I I I 8 4994

f r i & Y i i r ; 3 . i $ « « ' ;f ^ • • ; 1 . v * : ' > : " ' ' - - • ' • - " " ' ' " " " " " ' • ' • • • *•*•L - L 4 U J P } Q Q l C ( 5 6 - S
S O r n p l e M a t r i x ; S O I L

•A Mois ture: 0.4
Date C o l l e c t s d ;19-0c l 00
D*l« Extracted: 23.0ct-00Date A n a l y z e d : 23-Ocl-OQ

P r e p Batch: IP001Q23-1
QCB»t sh lD: I P001 023-1-1

Run ID' IT001 023-1 A4
C l e a n u p : N O N E

Basis! Dry W e i g h !

S a m p l e A l i q u o t ; 1 G
Final Volume: 100 MLResul t U n i t s : M G / K G

F i l e Name: I S 0 1023

C A S N O
' 7 4 23-00-5

74-10-3G-0
7-MO-3S-2
7«£>33-3
7 -̂41-7
7 ^ I O - / ) 3 , 9
7443-70-2 I
74̂ 0 47-3
74^3.43,,̂
7-1-10.3Q-0
7«0.30-5
7-139 S2-1
7430-OS-rt
7439 -96-S
7<WO 02-0
7--MO 09-7
7732-43-7.
7440-22-4
744D-23-5
7440-29-0

^KO-62-2
7440-CG-6

T a r g e t A r t a l y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M
Q 6 R Y I U U M
C A O M I U ^ I

I C A L C I U M
C H R r t M I U M
C C 5 4 L T
C O f P K R
I R O M
L E A D

M A C N H S I U M
I M A N C A N E S E |
N I C K C L |
P O T A S S I U M
S E L E N I U M
S I L V E R 1
S O O l l ' M
T H A L L I U M f
U A N A O I U M [ "
f f l N C j

D i l u i i o n
F a c t o r

1
i
1

r 1
i
1
i
i
i
i
i
1
1
i
1
1
1
i
1
i
i
1

Resul t

7SOO
1,6

I S
310
073

5.5
6600

21
S . S
63

17000
710

2500
400

12
270Q

1.2
0 . 6 9 '
270

1
?4

620

R e p o r t i n gL i m i t
20
2
1

10
0.5
0,5

100
1

_ ______ 1j
i

10
0.3
100

1
2

100
0.5

1
100

1
1
2

M D L

0,69
0.27
0,29

0,018
0.015
0.017

0.54
0,046

O.OS
0.032

0.8
0.14
0.79

0.025
0,078

S.3
0.27

0.063
0.25
0.39

0.033
0.2$

ResultQ u a l i f i e r

a

B

U

ERAQ u a l i f i e r
i

i

I

i
!/
1
!

Data Package ID: 170010156-1
Date P r i n t e d : T u e s d a y , October 24,2000 Analytics Inc.

*,ran! 1.9,12
P a g a 6 of 12



T o t a l 1 C P M e t a l s
M e t h o d S W 6 0 1 0
S a m p l e Resu l t s

Lab N a m e ; Paragon A n a l y t i c s , I n c .
Work Ordtr Number: O O l d l S S

C l i e n t N a i t i e : Mcrnson Knudsc.n Corporat ion
C l i e n ( P r o ; e c t I D ; V B / 1 - 7 0 I I I B 4894

S a m p l o M j i r i x r s o i L
% Mdis iur e : 0.2

Date C o l l e c t e d : 19-Ocl.OO
Date Extrac t ed: 2a-O«-ao
Date A n a l y z e d ; 23-Oct-CO

Prep Batch: IP001 023-1
Q C B a f c h I D : I P O Q 1 Q 2 3 . 1 . 1

R u n l D : I T Q 0 1 0 2 3 - 1 A 4
C l e a n u p : N O N EBasis: Dry weight

S a m p l e A l i q u o l i 1 G
Final Volume: 100 MLs: MG;KG

File Name: TSOl 023

C A S N O

7429,90-5
, 7440-36-0

y w O ' 3 9 . 2
[ 7440.39-3

7440-41-7
V440-43-3

.7440-70-2
71.10-47-3
7440.-1S..4
7440-50 8
M 3 0 . f l 3 . f i
7433-92.1

, 7 J 3 9 95-4
74W-M-5
7440 -02-0
7440-09-7
7733-19-5
7440-22-4
7.1.10-33.5
7440-28-0
7440 S2-2
7w.be.r>

T a r g e t A n a l y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M
B E R V L L I U M

C A D M I U M
C A L C I U M
C H f < O M i U W
C Q f l A M 1

C O P P E R
I R O N
I K A D
W G N H S I U M

M A N C A N f S E
N 1 C K R L
P O T A S S I U M ' j
S E L E N I U M
S I L V E R
S O D I U M
T H A U U U M
V A N A f r l W
Z I N C j "

D i l u t i o n
F a c t o r

1
1
i
i
1
i
1
i
1
i
1
1
^
1
1
1
1
t
1
1
1

I

Resul t

8000
1.8
20

310
0.77

S.7
7000

21
e.9
64

18000
730

2700
410

13
2900
o.e?
0.77
3DO

1
26

650

R e p o r t i n gLimit
20

I
1

10
o,s
o.s

100
1
1
1

10
0.3
100

1
2

100
D.5

1
100

1
1
2

M D L
0.69
0,26
0,26

0.01 S
0,016
O.D17

0:54

D.D47
0.05

0.032
0.8

0,14
0.79

. 0.025
0.078

5.3
0.27

O.OS3
0.25
0.3S

0.033
0.29

R e s u l tQ u a l i f i e r

a

B

u

ERAQ u a l i f i e r

— — —
~ — — — — I

•

=l

Data P a c k a g e I D : IT0010156-1
P r i n t e d ! T u e s d a y , October 54,2000 Paregcii Analytics Inc.

V . ' l b l o n ' 1 S 0 2
P a g e 9 Of 12



T o t a l I C P M e t a l s
M e t h o d S W 6 0 1 0
S a m p l e Resul t s

L i b N e l l i e : P a r a g o n A n a l y t i c s , I n c .
W a r I t O r t l t r Number; 0010155

C l i e n t Maine; Morri son K n u d s e n C o r p a r a t i a n
C ^ . K P r o j e c l I D : V B / l - 7 0 1 M B 4994

• F i 8 J & j / 1 i ; < 3 - i 5 J b 3 - B ' ••.;i:«i j j ix ." joo io i s i7 i
S i m p l e Matr ix: S O I L

% Moisture: 0.2
Date C o l l e c t e d : 19-0e(-00
Pale Ej t t r j j r iMj; 23-Oct-OO
Date A n a l y z e d : 2 3 - Q c l ' O O

Prep Batch: IPWI 023-1
Q C B a l n h t D : IP001 023-1-1

R u n l D : I T Q 0 1 0 J 3 - 1 A 4
C l e a n u p : N O N E

Basis; Dry W e i g h t

S a m p l e A l i q u o t ; 1 G
Final V o l u m e : 100 ML
Result U n i t s : M S / K G

Fi|« Name: TS01 023
C A S N O

V<1?3-90-5
7440-3S-0
7-MOO3-2
7 f l 4 0 C J 3 - 3
7-14041-7
7446,43^
7440-70.2
7JMO-47-3
7*«"(8-l
7440-50-8
7*39 63- G
743fl £12*1
7430-95-4
7439 S6 S
7440.02.0
T - W - O S - V
7782-4M

7 ^ ' I O " 2 2 - 4
7-MQ.?a.5
7440-2S-0
7--HO-62-2
• W i 5 - P G ' G

T a r g e t A n a t y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M

1 PERYLUUM
C A D M I U M
C A L C I U M
C H R O M I U M
C O B A L T
C O P P E R
IRON
L E A D
M A G N E S I U M
M A N G A N E S E
N I C K E L
P O T A S S I U M
S E L E N I U M
S I L V E R
S « O I U M
T H A L L I U M
V A N A C 5 I U M
WS

D i l u t i o nF a c t o r
1
i

1
1
1
1
i
i
1
i
1_.,-......
1
1
1
i
i
1
i
i 1
i
1

R e s u l t
2600

1.5
O.a

160
0.31

2.1
3000

9.1
2.9
22

6600
900
730
270
4,4

660
0,53
0.17
120

1
11

400

Repor t ingLimi t
20
2
1

10
0.5
0.5
100

I
1
1

10
0,3
100

1
2

100o.s
\

100
1
1
2

M D L

D.S9
0.2S
028

0,01 S
0.01 S
0.017

0.54
0,047

0,05 i
0.032

0.8
0.14
o.rs

0,025
0.076

5.3
027

0063
0.25
0.39

0.033
0,29

ResultQ u a l i f i e r

a

a

B
B

U

ERA
Q u a l i f i e r

!

_J

1

Dnta Package ID: 170010156-1
Oaf* Prinied; T u e s d a y . October 24, 2000 Pafagon Analytics Inc.

L i M S V i r , i o n , 1 , 0 f l J
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T o t a l I C P M e t a l s
M e t h o d S W G O l O
S a m p l e R e s u l t s

Lab Name: Paragon A r u l y l i c s , inc.
Worit Order Number: 0010156

Ciic iU M J I I I B : Morrison K n u d s f l n Ccrporali«n
C l i e n t P w j e c t ID: VS/i-70 1116 4994

S a m p l e Matrix: S O I L
% Mois ture: 0.3

Prop Batch: IP001 023-1
QCBatcnlO: IPOQ1023-1-1

d; rS-Oct-OO
P»t« A n a l y z e d ; 23-Oct-OO

C l e a n u p : N O N E
Basis: Dry W e i g h t

S a m p l e A l i q u o t : 1 G
Final Volume: 100 ML
Result U n i t s : M G / K G

F i l e N a m e : T S 0 1 0 2 3

C A S N O

7423-90-5
744<l-3d-0
74-10-38-2
7440-39-3
7440-41-7
7MQ 43 S
7440-70-2
744047-3
74-10-48 4
7440-50-8
7430-35-6
7430-35-1
7 4 5 S - S 5 . 4
74SO-06-5
7 4 ' 1 0 - 0 2 - Q
7440-09-7
77S2-49-S
7*40-22-4
7440-23.5
7440.29-0
7440.62-2
7440-66-C

T a r g e t A n a l y t e
A L U M I N U M

i A N T I M O N Y
A R S E N I C
O A R I U M
B E R Y L L I U M
C A D M I U M

1 C A L C I U M
C H R O M I U M
C O B A L T
COPPER ..,,., M,,n,.,., . -IRON ~~l
L E A D
M A G N E S I U M ,
M A N G A N E S E
N I C K E L :

P O T A S S I U M
S E L E N I U M i
S I L V E R
S O O I U M

T H A L L I U M
V A N A D I U M
2 I N C !

D i l u t i o nF a c t o r
i
1
1
1
i
i
1
i
1
1
1
1
•i
i
M
'.....
1
1
i
i
1

Result
: 2200

0.67
3.1
100
0,3
1.8

2900
7,9
2.3
20

5400
370
750
190
3.7

7SO
0.5

0.17
76

1
a. 2

240

R e p o r t i n gL i m i t
20

2
1

10
0.5
0,6too

1
1
1

10
0,3

100
1
2

100
0,5

1
10Q

1
1
2

M D L
0.69
0,26
0.28

0.01 S
0,015
O.D17

0.54
0.048

0.05
0,032

0.8
0.14
0.79

0,025
0,078

3,3
0.27

0.063
0.25
0.39

0.033
0.29

ResultQ u a l i f i e r

B

B

U
B
B
U

E P AQ u a l i f i e r

!

ii
._....„_....... J

Data Package s ID; IT00101S6-1
Date Printed: Tue sday , Oclobcr 24, 2000 Paragon Analytics Inc. of 12



T o t a l I C P M e t a l s
M e t h o d S W 6 0 1 0
S a m p l e Re su l t s

C<ib Name: Paragon A n a l y t i c s , Inc.
W«k Ord«r Number: 0010156

Cli en t N a i Y i t ; M c m ' s o n Knudsen Corporat ion
V B / l - 7 0 H I S 4394

[
n .̂m..,...-, -, . „-, ,..,...,.,.k;i,M,,,i, ,.,..irv i i •. F « r f » " i f c : ? 3 - « ' « 5 . B • ; :
' : L ^ 1 D V i « " O l S 6 - 9 \

S a m p l e M a t r U : S O I L
y«Meir ture:0 .1

O.il* C o l l e c t e d 13-Ocl-OO
Date Ex lrae i ed: 2S-Oct-00
Dale Analyzed: 23-Oet-OO

F>r*p Batch: IPOO 1023-1
QCBati:hlD:|pooi023-1-1

Run ID; IT001 023-1 A4
Cleanup: N O N EBasis: Dry Weight

S a m p l e A l i q u o t : 1 G
Final Volunw: 100 ML
Rasult Units: M G / K G

F i l e Name: T S 0 1 0 2 3
C A S N O

742S-30-S
"140<3CO
7440-38-2
7440-39 3
7440.41.7
V J l ^ t O - O - g"Two-?^

| 7440.47-3
7-t.10-.W-4
7440-50-9
7 4 J S - 8 9 6
7133 -92 -I
7439.9S-4
7433.06-S
74-IO-02-0
7410097
77S2-49-2
7 WO 22-4
74^-23-5
7-1-102S-0
7<H0.62-2
7*440. G6- 6

T a r g e t A n a l y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M
n E R V X U U M
C A D M i U M
C A L C / U M
n H H O M I U M
C O B A L T
C O P P f R
I K O N
1-EAD
M A G N E S I U M

M A N G A N E S E
N I C K I I L
P O T A 5 5 I U M
S E L E N I U M
S I L V E R
S O D I U M
T H A L L I U M

V A N A D I U M '
Z f N C

D r l u i i o n
F a c t o r

i
!
1
1
1
1
1
1

_ _ ' .1
1
1
1
1
I
1
1
1
1

1 1
1' i

R e s u l t
250D

1s.e
130

0.31
1.9

3100
3,7

4
23

8000
400
7SO
2GO
1.2

850
0.3J
0.38

86
1

93
320

R e p o r t i n gL i m i t
20
2
1

10
0,5
0.5
100

1
1
1

10
0.3

100
1
2

100
0,5

1
100

1
1
2

M D L

0.69
O.ZS
0.38

0.018
0.01S
0.017

0.53
o.wr

0.05
0.032

0.6
0.14
0,79

0.025
0.078

S.3
0.27

0.063
0.25
0.38

0,033
0.29

R e t u l tQ u a l i f i e r

8

8

B
B
B
U

EPAQ u a l i f i e r

I

Data P a c k a g e I D :
Dale Printed: T u e i d & y , Oe!n6er24,2000 Analytics Inc.

U M S Vw.ien. 1 S W
Page 12 oM 2



T o t a l I C P M e t a l s
M e t h o d S W 5 0 1 0
S a m p l e Resu l t s

L i b Name: P a r a g o n A n a l y t i c s , I n c .
W o r k Order Number: 001 01 58

C l i e n t Mame; M o r r l s & n K n u J s e n Corpora t i on
C l f e n t P r o j e c l I D : V B / l - 7 0 I 1 I Q 4994

/>
ViS 1 / /

f T t & i ( < $ > 1 s ™ 5 j[ • i : . i j i b ; f e x ; a o i o i s 6 . i o ^ ... V
S a m p l e M a t r i x : S O l L
Date C o l l e c t e d : ig-oct-oo
Dale Ei l r j e t ed: 2 3 - O c t ' O O
D j t a A n a l y j - c d ; 23-Ocl-OD

F»rep B^tch: 1P001 023-1ucaatcniD: ipooi 023-1-1
Rur» ID: IT001 023-1 A4

C l e a n u p : N O N E
Basis: D i y W s l g h t

S a m p l e A l i q u o t : 1 G
Final Volume; 100 MlResult Unit^ M G / K G

F i l e Namo; T S 0 1 0 2 3
C A S N O

7423-50-5
7440-3S-0
74^0-38-2
7440-39 3
744.C-41-7
7 4 4 0 ' 4 3 0
74y)0.70"2
7440-47-3
74«10-« -1
7440-50.J!
7-13389-6
7430-OM
7430 93-4
7430- SG-5
7440^02-0 |
7<MOO».7
7782.492
7440^2-1 J
7-140-23-5
•/4-lO.*S.O
7^40.152.2
7440-SG.B

T a r g e t A n a l y t f t
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M
B E R Y L L I U M
C A D M I U M

C A L C I U M
C H R O M I U M
COBALT
O O P P K R
I R O N
L E A b
M A G N E S I U M
M A N G A N E S E

N I C K E C
P O T A S S I U M |

S E L E N I U M
S I L V E R j
S O D I U M
T H A I L I U M
V / W A D I U M
& N C

D i l u t i o nF a c t o r
1
1

I" 1

1
i
t
i
1
1
1
1
i
1
1
1
1
i
i
i
i
i

Resul t
5900

3.3
. 26

20D
: 0.66

4.2
6200

21
5.5
54

16000
970

1800
410
0,5

2000
1

0.01
1BO

1
23

G40

R e p o r t i n g
L i m i t

20
2
1

10
0.5
0.5

100
11
1

10
0.3
100

1
2

100
0.5

1
100

1
1
2

M D L

0.69
0.26
028

0,013
0.01 S
0,017

O.S4
0.046
0.05

0.032
0.8

0.14
0.79

0,025
0.075

S.3
0.27

0.063
0.25
0,39

0.033
0.29

ResultQ u a l i f i e r

a
u

ERAQ u a l i f i e r

i

;

:

Data Package ID: IT001Q15G-1
Printed: T u a s d a y , October 24,2000 Parsgon Analytics Inc.

L»>\Z V v r - . ( S n \ 002
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T o t a l 1 C P M e t a l s
M e t h o d S W 6 0 1 0
S a m p l e Resu l t s

L*b Name: Paragon Analyt ic s , Inc,
Work Or*>r N u m b e r ; 0010155

C l i e n t N a m e : Morri son Krmdsen C o r p o r a t i o n
C l i e n t P r o j e c t I D : V O / l - 7 0 I I I B 4934

^iibfew'iPiSG-'i'f "' "" " "1 ' / . M o i s t u r e : 0 . 2
Data C o l l e c t e d : l& .Oet-OQ
Date E*lr«ic1ed:23-Qct-00
Dale A n a l y z e ) : Z 3 - O c t - f j O

Prep Batch: IP001023-1
Q C 8 a ( C r t l D : I P 0 0 1 0 2 3 - 1 - 1

Run 10: IT001 023-1 A4
C l e a n u p : N O N E

Basis: Dry W e i g h t

S a m p l e A l i q u o t : 1 G
Final volume: 100 ML

Rtvult U n i t s : MCfKG
File timxz T S 0 1 0 2 3

C A S N O

7429-00-5
7440-35-0
744Q-3S-2
7440-33-3
7<140 41-7
74 110-43-9
V - M Q 7 0 - 2
7^40-.t7-3
7410-V13-4
74-10-50-8
V ' l j g . B S - S
7430- 52-1
7«9-95-^
7/139 PC-5
74-10-02-0
7440 ' 0 9 - 7
7/&2-49-2
r - l l O - S J ' r t
7110-2,1.5

.7440.2S-0
7140-C2-2
7 4 4 o . f i 6 - f l

T n r g e t A n a l y t e
A L U M I N U M
A K r r j M Q N Y
A R S E N I C
S A f t l U M
B E R Y L L I U M
C A D M I U M
C A L C I U M
C H R O M I U M
C O 6 A L T
c o r ' p f i R
I R O N
t £ A D
M A G N E S I U M
M A M G A N C S E
N I C K E L
P O T A S S I U M
S E L E N I U M
5 I L V E M
S O D I U M
T H A L L I U M

V A N A D I U M
Z I N C I

D i l u t i o nF a c t o r
i
i

1 i
1
1
t
\
i
i
1
i

10
t
1
1
1
1
1
1
1
1
1

R Q f i U l t

6100
t

25
300

Ot?7
4.3

6200
21

5.S
54

16000
1000
1800
430
9.8

2000
1.1

0.77
150

1
23

S S O

R e p o r t i n gL i m i t
20

2
1

10
o.s
o.s

100
11I

10
3

100
1
2

100
0,5

1
100

1
1
2

M O L
0.69
0.28
0,28

0,018
0.0(5
0,017

0.54
0,047r o.o5
0032

o.a
1.4

0.79
0.025
0,079

5.3
027

0.063
0,25
0,39

0.033
0.23

ResultQ u a l i f i e r

6

B

U

EPAQ u a l i f i e r

N

;

i
i

i

£

.1

Data Package ID: 170010156-1
Dito Printed: T u e s d a y , October 24,2QOO Paragon Analytics Inc.

»n l . S M
Page 3 of 12



T o t a l 1 C P M e t a l s
Method S W G 0 1 0 ^Mlh
S a m p l e Results ^/?£-

Lab Name; Paragon Analyt ic s , inc- v/£ ^«
W o r l i Oid i i r Number: 0010155

C l i e n t Narrow Morrison ICnuds en C o r p o r a t i o n
C l i a o t P r o j o e t |0: V B / l - 7 0 IIIB 4994

I "Litii tCU -' 00 1 0 1 S 6 - 1 2 ?
S a m p f c Matrix: S O I L

% Moisture: 0,3
Date C o l l e c t e d : 10-Oet-DO
Dal* Extracted; 23-Oct-OO
Date A n d l y z e d ; 23-Oct-OO

P f o j » B ^ c h : f P 0 0 1 023-1
QCB^ICWD: I P 0 0 1 D 2 3 - 1 - 1

Ron 10:17001 023-1 A4
C l e a n u p : N O N E

Basis: Dry W e i g h t

S a m p l e A l i q u o t : 1 6
Final Volume; 100 ML

Result U n i t s : M G / K Q
P i l e Name; T S 0 1 0 2 3

C A S N O

742G-SO-S
74lO-?6-0
7440-38-2
7-140 39-3
744Q-41 -7
7440 43-D
7i|40.70-2
7440-47-3
744CMO-1
7440-50-8
7433-59-6
7439 92-1
74.19.95.4
7439-S6-5
7440-02-0
rHiO-097
77B2-ia-J!
7A40-J5-4
7^-lO-?3-5
7440-2B-Q
7440.62-2
? 4 4 0 - 6 S ' G

T o r g e t A n a l y t c
1 A L U M I N U M

A N T l M O I y T
A R S e f J I C
B A R I U M
8 6 W L U U U
C A D M I U M
C A L C I U M

C H R O M I U M
O Q U A L T
C O P P E R
I K O N
L E A D
M A G N E S I U M
M A N S A N E 5 E
N I C K E L ,
P O T A S S I U M
5 B . E N I U M
S l U V E f ?
S O D I U M
T H A L L I U M t

V A N A D I U M i
71HC

D i l u t i o nF a c t o r
i
^
1
t
1
1
1.,..

, —— -T 1
1
i1
i
1
i
1
1
ii

•/1

R e s u l t

S500
091

24
2SO

0.61
4.2

6100
18

4.6
50

11 MO
930

1700
400
84

2100
1.2

O.G1
1BO

1
16

540

R e p o r t i n gL i m i t
20

2
1

10
0,5
0.5

100
1
1
1

10
0.3

100
1
2

100
o.s

1
100

1
1
2

M D L

0.69
0.26
0.28

0.018
0.01 S
0.017

0.54
0,04fl

0.05
0,032

0.8
0.14
0,79

0.025
0,078

5.3
0.27

0.053
0.2S
0.39

D.033
0.29

ResultQ u a l i f i e r
8

B

U

iPAQ u a l i f i e r

i

J— — — — — . j

Data Package JO: IT0010156-1
Data P r i n t e d : T u e s d a y , October 24,2QOO Paragon Analytics Inc.

L I M « V H i » u n , 1 30.'
Page 4 of 12



t a b N a m e : Paragon A n a l y t i c s , I n c .
c l i en t N a m e : M o r r i s o n Krwdwri C o r p o r a t i o nC l i e n t P r o j f i e l I D : V B / l - 7 0 D I B 4884

W t e f k O r U e t N w n b w : 0 0 1 0 1 S S
Reporting Basis; Dry Weight

T o t a l M E R C U R Y
Method SW7471
S a m p l e Resul t s

Final V o l u m e : 100 ML
Matrii: S O I L

Resul t U n i i s : M G / K G

C l i e n t S a m p l e 10
3 - l i i i J 3 - l 3
a 1SOJ3-S
3>1£f i74-B
a-u«7-P
l - 1 S t ? 9 . F
3 - 1 5 b ' 2 a . F
3-1i?0^3
3 - 1 S / U / I . B
3.1570S.B
1.1»700.F
M S 7 0 1 - F
i - 1 5 7 0 2 ' f

U b l D
OQ 10156-1
D0101S6-2
0010156-3
0 0 1 0 1 S S - 4
D 0 1 0 1 M - S
0 0 1 0 1 S S - 6
0010156-7
O O H 3 1 S 6 - ?
0 0 1 0 1 S S - Q
t ) 0 ' I Q l £ S . 1 0
ao ia i s s . i i
D O l Q l S O . 1 2

D a l eC o l l e c t e d
1 cm/woo
i 0/1 5/2000
10/1 (WOOD
i o n d / 2 o o o
10/19/2000
T o / w a a o o
1 0 / 1 3 / 7 0 0 0
10/14/2000
1 0 / 1 3 / 2 0 0 0
I«1 90000
1 0 / 1 9 / 2 0 0 0
1 on 9/3 ooo

OaloPrepar ed
10/23/2000
1 0 / 2 3 / 2 0 0 0
10^3^000
1 0 V J 8 / 2 M O
1 0 / 2 3 / 2 OPO
1 0 / 2 3 / 2 0 0 0
10/23^000
1 0 / 2 3 / 2 0 0 0
l f l - 2 3 / 2 0 0 0
10/3*5000
10723/3COO
10/33/2000 I

D.-ili;Analy7.«l
i Q / j 3 / ? u C ( 5
10/2^000
1 0 W J O O O
1 0 ) V W Q f l O
1 0 / 2 J f 3 i i O O
10/2?/2000
10(25/2000
l a a i ' s o o o
l O r i s ^ u ' i o
1 0 / 2 3 / 2 0 0 0
10/2MOOO
10/23WW

PercentM o i s t u r e
0.2
0.2
o.s
0.5
0.1

0.2
0,7
0.3
0.1
0.3
0.2
5.3

D i l u t i o nF a c t o r
1
1
1
1
1

^ f11111i

Result
0.63
0.59
o.ee

1.0
16i.V »

0.22
f l . 2 S
0.23

Q.S
o,se
2,63

R e p o r t i n gLimit
0,1
0,1
0.1
0.1
0,1

O.1» JSrT
0.1
0.1
0,1
0.1
0.1
0,1

M D L

o.oo2a
O.D023
0.0026
0,0028
0.0028

£;Cd3£b£24-
0,0028
0.002S
Q.OOJ8
0,0028
0.0028
0.002B

F l a g

N !

S a m p l eA l i q u o t
' .SB

.6C

.Cd
,60
,£3
.OG
, G C
, S G |

— — — — — — 1,ss '
.e a i
,«G
.kC

C o m m e n t s :
1, NO or U = Hot Detec t ed at or above the c l i ent reques t ed d e t e c t i o n limit.

Data Package ID; HGOOW1S6-1
Dale Primed: Jy, O e l o h f t r 24, 2000 P&ayon Analytics Inc.

' . I M S U«-r?ipn 1 9 D J
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